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p^^trqm. inri Of T hfi Inventton 

The pre«n, invemion ,e,a,es to novel polyKetides and metnods and n,eans .or preoanng 
,ham, and spe=«ica«y to nove. etv^romycins that ara u^tut as anttdaCanal and antiprotozoal 
agents and other applications <e g . an„=ancer, atherosclerosis, gastno ,.ot«.ty reduct«=n. etc . .n 
mantn,*, tncluding man. as »^l as in tish ar,d birds This .nven„on also telates to pharmaceut,cal 
compo^tions containing .he novel compounds and to methods o. treating Paotenal and protozoal 
,„,ec,ons ih mammals, «sh, and b.rds by administering the novel compounds .0 mamma,s. .ish and 

birds requiring such treatment 

Polyketide biosynthetic genes or portions o. them, wh.ch may be denved from d-tlarent 
polykefde biosyntnetic gene clusters are mar.,pu,ated to allow the production of nove, 
erythromycins. 

Polyketides are a large and structurally diverse Cass of natural products that .ncludes many 
compounds possessing antibiotic or other pharmacological properties, such as erythromycin, 
tetracycnes. rapamycn. avermect.n. polyether ionophores. and FK506, In pa..cu.ar. po.yKet.des 
are abundantly produced by Streptomyces and related act.nomycete bacteria They are 
synthes-sed by the repeated stepwise condensation of acylthioesters .n a manner analogous to 
that ot fatty acid biosynthesis The greater structural divers«y found among natural polyKetides 
arises from the selection of (usually) acetate or propionate as "starter" or "extender" un.ts: and from 
the diftenng degree of processing of the p-keto group observed after each condensation 
Examples of processing steps include reduction to p-hydroxyacyK reduction followed by 
dehydrafon to 2-enoyl-. and complete reduction to the saturated acy«hioester The 
stereochem.ca. outcome of these processing steps .s also specified for each cycle of cha.n 
extension. The biosynthesis of polyketides .s in,t.ated by a group of chain-forming enzymes 
Known as po.yket,de synthases Two classes of polyketide synthase (PKS) have been described 



SUBSTITUTE SHEET {RULE 26) 



wo 98/01571 



2 



PCT/GB97/0I810 



■n act,nomycetes However. ,he nove, polyketides and processes wh.ch are the subiect of th.s 
.nver^fon are synthes.sed by Type I PKS s. represented by the PKS s for the macro.ides 
erythrorr^ycn. avermecfin and rapamycin (Figure 1). and consist of a different set or "modu.e" of 
enzymes for each cycle of polyKetide chain extension (Figure 2A) (Cortes. J. et af. Nature (1990, 
5 348 1 76-178: Donad.o. S. et ai. Scence (1991) 252.675-679: MacNeil. D J etal. Gene (1992). 
ns i 19-125: Schwecke. T etal. Proc. Natl. Acad Sci, USA (1995) 92:7839-7843). Note The 
term "natural module" as used herein refers to the se, of contiguous doma,ns. from a 
.etoacylsvnthase (XS") gene to the next acyl earner prote.n C ACP, gene, wh.ch accompl.shes 
one cycle of polyket.de cha.n e.ension The term •comb.natonal module" ,s used to refer to any 
group of cont,guous doma-ns (ano domain parts), extending from a f.rst po.ht .n a first natural 
module, to a second equivalent po.nt in a second natural module. The f.rst and second po.nts w.l, 
generally be -n core doma.ns which are present .n al, modules. ..e.. botn at eou.valent po.nts of 
respective KS. AT (acyl transferase). ACP domains, or ,n linker regions between domains. 

F.gure 2 Shows the organisation of the erythromycin producing PKS. (also known as 6- 
deoxyerythronolide B synthase. DEBS) genes Three open read.ng frames encode the DEBS 
polypeptides The genes are organised in six repeated units designated modules The first open 
reading frame encodes thefirst multi-enzyme or cassette (DEBSI) which consistsof three 
modules: the loading module (g^j^-ioad) and two extension modules (modules 1 and 2). The 

ioadingmodulecomprisesanacyltransferaseandanacyicarrierprotein. This may be contrasted 
With Figure 1 of W093/1 3663 (referred to below). This shows ORFl to consist of only two 
modules, the first of which is in fact both the loading module and the first extension module 

In-frame deletion of the DNA encoding part of the ketoreductase dom.n of module 5 in 
DEBS has been shown to lead to the formation of erythromycin analogues 5.6^ideoxy-3- 
-mycarosy.-5-oxoerythrono.ide B, 5.6.iideoxy-5..xoerythronolide B and 5.6<.ideoxy-6.6 
-epoxy-s^xoerythronolide B (Donadio. S et a. Science. (1991, 252.675-679). Likewise, 
alteration of active site residues in the enoy.reductase domam of module 4 in DEBS, by genetic 
engineering of the corresponding PKS^ncoding DNA and its introduction into 
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RarK qrnund ^ ThP invention 



The present Invention re,.,es ,o novel po,y.etides an. methods and means .o, oreoanng 
,nsm and spec,.ica«/to novel e-ymromycins that are useful as an.baCerial and amip,o,ozoa, 
agents and other appl.ations ,e g , ant,oancer, atherosCerosis. gasthc mottlity reduction, etc , ,n 
man^mals. including man. as well as in tish and hin,s This invenfon also relates to pharmaceutical 
compositions containing the novel compounds and ,0 methods ot treating hactenal and protozoa, 
,„,ect,ons in mammals, -ish. and hirds oy adm,„,s,eri„, the novel compounds to mammals, tish and 

birds requiring such treatment 

Polyketide biosynthetic genes or portions o, ihem, which may be denved trom di-teren, 
po,y.et,de biosynthetic gene clusters are manipulaled to allow the production o. novel 

erylhromycins. 

Polyketides area large and structurally diverse class o. natural products that includes many 
compounds possessing antibiotic or other pharmacological properties, such as etythromycin. 
tetracyclines, rapamycn, avermecn. polyether ionophores. and FK506, In padicular, po.y.e«es 
are abundantly produced by Streptomyces and related actinomycete bacteria They are 
syntnesised by the repeated stepwise condensation o. acylthioesters in a manner analogous u, 
that o, tatty acid biosynthesis The greater structural divers«y (ound among natural polyKetides 
anses trom the seleo«on o. (usually, acetate o, propionate as -starter- or -extender- units: and Irom 
,„. dittering degree o, processing o. the M<eto group obsewed a«er each condensat«=n 
Examples ol processing steps include reduction to ^hydroxyacyK reduction tollowed by 
dehydration to 2-enoy|.. and complete reduction to the saturated acylthtoester The 
stereochemical outcome o. these processing steps is also speoitied tor each cycle o. chain 
e«ension The biosynthesis ot poiyretides is initialed by a group ot cha,h.,orming enzymes 
Known as polyKetide synmases Two classes ot polyKetide synthase <PKS, have been descnbed 
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.n acnc^ycetes However, me nove, wlyKelides and processes wnch are ,.e subiec. of ,h,s 
.r,ven„on are symhesised by Type , PKS s. represented by ,he RKS's for fhe maoro,«les 
eryfhromycln. ayermecflr, and rapan,yc,n (Figure f ,. and oons-s. of a d,ffere„, se, or -module- o, 
enzymes for eacn cycle of po,yKe„de cnain extension (Figure 2A, (Cones. J. e, af. Nafure (,990, 
3 348.,76-,7e: Donadlo. S. af al Science (,99,) 252:675-679: MacNe.1. D J. ef al. Gene(,992, 
' .5 , ,9-,25: Schweoke. T ef al Proc. tef, Acad Sci. USA (,9951 92:7839.7843,. Nofe The 
term -natural module" as used nerein refers .o tne se, of con,,g«.us domains, from a ,v 
Kefoacylsyninase (XS", gene ,o fhe nex, acyl earner profsin ("ACP-, gene »n,cn accompllsnes 
one cvole Of polyKefde cbain exfen^on Tne term -combinatorial module- ,s used ,o refer ,o any 
group o, contiguous domains (and domain pans). ex,end,ng from a „rst point ,n a firs, natural 
module to a second eduivalen, point in a second natura, module. Tne firs, and second points will 
generally be ,n core domatns »nicn are present ,„ al, modules. , e.. botn a, edu,va,en, p„,„,s o, 
respective KS AT (acy, transferase,. ACP domams. or .n ,«er regtons between domains 

Figure 2 snows fhe organisation of tne eiythromyoin producng pks. (also Known as 6- 
deoxyerytnronollde B syntbase. DEBS, genes. Three open readtng frames encode tbe DEBS 
polypeptides. Tbe genes are organised in six repeated units designated modules The first open 
reading frame encodes .be firs, muiti-enzyme or cassette (DEBS,) wnicn con^sts of tbree ' 
modules: the loading module (sQ,ioad, and two extension modules (modules t and 2). The 

.oauing module comprises an acyl transferase and an acy, carrier protein. Tbismay be contrasted 
«b Figure , of W093„3663 (referred to befow). Tbis shows ORF, ,o consts. of onfy two 
modules, tn, first o, which Is in fac bo,b tbe loading module and the f.st extension module 

ln-.rame deletion of the ONA encoding pan of the Ketoreduotase domain of module 5 in 
DEBS nas been shown to lead to the formation of eiythromycin analogues 5.6..ideoxy.3. 
■mycarosyt-a^xoerytbronotide B. 5.6^,deoxy.5^xoervthronollde B and 5.6^ideoxy.6 6 
■epoxy.5^xoe,V,hrono,lde BfOonadlo. S. e, al. Science. (,99,) 252.675-679), Likewise 
alteratton o, active site residues in the enoyireducase domain of module 4 in DEBS by genetic 
eng,neer,ng of the corresponding PKS^ncoding DNA and ,,s tntroducfion Into 
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Saccharopolyspora erythraea. led to the production of 6.7-anhydroerythromycin C (Donad.o S. et 
al. Proc. Natl. Acad. Sci. USA (1993) 90:71 19-7123). 

Internalional Patent Application number WO 93/13663. which is incorporated herein by 
reference m its entirety, describes additional types of genetic manipulation of the DEBS genes 
5 that are capable of producing altered poiyket.des However, many such attempts are reported to 
have been unproductive (Hutchinson C R and Fu|ii. I Annu. Rev. Microbiol. (1995) 49:201-238. 
at p.231) The complete DNA sequence of the genes from Streptomyces hygroscopicus that 
encode the modular Type i PKS governing the biosynthesis of the macrocyclic 
immunosuppressant poiyketide rapamycin has been disclosed (Schwecke. T et al. (1995) Proc. 
K, Natl. Acad. Sci. USA 92 7839-7843) (Figure 3). The DNA sequence is deposited in the 
EMBL7Genbank Database under the accession number X86780 

Although large numbers of therapeutically important polyketides have been identified, 
there remains a need to obtain nove' polyketides that have enhanced properties or possess 
completely novel bioact.v.ty. The comolex polyketides produced by modular Type I PKS s are 
,5 . particularly valuable, in that they include compounds with known utility as anthelminthics, 

insecticides, immunosuppressants, antifungal, and/or antibactenal agents. Because of their 
structural complexity, such novel polyketides are not readily obtainable by total chemical synthesis, 
or by Chemical modifications of known polyketides. One aspect of the invention arises from our 
appreciation that a Type I PKS gene assembly encodes a loading module which is followed by 
20 extension modules. It is particularly useful to provide a hybrid PKS gene assembly in which the 
loading module is heterologous to the extension modules and is such as to lead to a poiyketide 
having an altered starter unit. This is a concept quite unknown to the prior art since this does not 
recognise the existence of loading modules W093/13663 refers to altering PKS genes by 
inactivating a single function (i.e a single enzyme) or affecting 'an entire module" by delefon. 
25 insertion, or replacement thereof The loading assembly, in their terms, is not a module. 

If the loading module is one which accepts many different carboxylic acid units, then the 
hybrid gene assembly can be used to produce many different polyketides For example, a hybrid 
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gena assemb^ „ay er,p,oy nucleic add enccaing an loading module ay extender 
modules A loading n,odule ,nay accep, unnatural acid units and denvaSves tneraoC the « 
loading module is particularly usetu, in tn,s regard (Duttonetal. (1991,. AntibK,,, 44 357.365, 
in addition^ i, is pos.«e to determine the spec,.,c,ty o, the natural loading .nodule .or unnatural 
5 staner u„„s and to ta.e advantage o, the relaxed spec«y o, the loading module to generate 
hove, poly.e,«es. Thus, another aspect o, this ,nvent.n is the unexpected ability o, the ^ 
loading module ,o incorporate unnatural carPoxyiic acids and deriyatives thereo, to produce ™„e, 
e^nromyons ,n erythromycn-produoing strains containing only OEBS genes, O, course one may 
also ma.e aiteralions „,thin a product po,y.e.«e panicularly Py replacing an ex,ens»n module Py 
' one tha, g,ves a .etide unit a, a ditterent ox,da„on state and/or „„h a ditteren, stereochemistry it 
has generally Peen assumed tha, the stereochemist^ o, the methyl groups ,n the poV.e„de chain 
.» determ,ned Py ihe acyltrans.erase, but „ ,s in lac. a lealure o, o,h« domains o, ,„e PKS ar^ 
thus open to yanation oniy py replacement ol those doma.ns, ,nd,v,dua„y or Py module 
replacement Math, and other suPs«uents can Pe added or removed Py acyitransierase domain 
replacement or total module replacement. Consequently „ aiso Pecomes apparent to those 
«ied ,n the ad tha, it is wsslPle to comPine the use ot the ,e,a.ed substrate speoi,«ity o, the 
erytnromych loading module with extension module replaoemen, and hypnd loading module 
substitution With extension module replacement as a mechan,sm to produce a w,de range o, novel 
e^hromycns Thus, this invention deschbes the production o, novel ervthromycins by non- 
-ranstormed organisms and atso such gene assemPties, vectors containir^ such gene assembiies 
and transtormant organisms that can express them to produce novel e^hromycns in transtormed 

crganrsmsTranstomiantorganlsmsmay harbor recombinant plasmrd. or the Plasmas may 
■n-egrate A ptasm^ „„h an /nrseguence will integrate into a specie attachment site o. a 

host s Chromosome, Tra.slonnant organisms may be capable ol moditying the in«,al products 

eg., py carrying out al, or some o. Ihe brosynthetic moditications norma, in the production o, 

erythromycns ,as sho™ ,n figure .B, However, use may Pe made o. mutant o..an,sms such .a, 

some 0, the norma, pathways are b.ocXed. a g„ to produce products wrthpu, one or more natural- 
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Saccharopolyspora erythraea. led to the production of 6,7-anhydroerythromycin C (Donad.o S. et 
al Proc Natl. Acad. Sci. USA (1993) 90:71 19-7123). 

international Patent Application number WO 93/13663. which .s incorporated herein by 
reference in its entirety, describes additional types of genetic manipulation of the DEBS genes 
5 that are capable of producing altered polyket.des. However, many such attempts are reported to 
have been unproductive (Hutchinson C R. and Fu)ii. i. Annu. Rev. Microbiol. (1995) 49:201-238, 
at p.231) The complete DNA sequence of the genes from Streptomyces hygroscopicus that 
encode the modular Type i PKS governing the biosynthesis of the macrocyclic 
rmmunosuppressant poiyketide rapamyc.n has been disclosed (Schwecke. T et al (1995) Proc. 
K, Natl. Acad. SCI. USA 92 7839-7843) (Figure 3). The DNA sequence .s deposited in the 
EMBUGenbank Database under the accession number X86780 

Although large numbers of therapeutically important polyketides have been identified, 
there remains a need to obtain novel oolyketides that have enhanced properties or possess 
completely novel bioact.v.ty. The comolex polyketides produced by modular Type i PKS s are 
15 particularly valuable, in that they include compounds with known utility as anthelminthics, 

insecticides, immunosuppressants antifungal, and/or antibactenal agents. Because of their 
structural complexity, such novel polyketides are not readily obtainable by total chemical synthesis, 
or by Chemical modifications of known polyketides. One aspect of the invention anses from our 
appreciation that a Type I PKS gene assembly encodes a loading module which is followed by 
20 extension modules. It is particularly useful to provide a hybrid PKS gene assembly m which the 
loading module is heterologous to the extension modules and is such as to lead to a poiyketide 
having an altered starter unit. This is a concept quite unknown to the prior art since this does not 
recognise the existence of loading modules W093/13663 refers to altenng PKS genes by 
inactivating a single function (i e. a single enzyme) or affecting "an entire module" by deletion. 
25 insertion, or replacement thereof The loading assembly, in their terms, is not a module 

If the loading module is one which accepts many different carboxylic ac.d units, then the 
hybrid gene assembly can be used to produce many different polyketides For example, a hybrid 
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gene assembly may employ ouCsic a« encoding an aw loading module with ay extender 
modules A loading module may accept unnatural acid units and derivatives thsreol: me avr 
loading module Is part»ular,y usetui in ,1,1s regard (Dutton e, a,., ,,991, 0. Antibio, 44 357.365, 
in addition. „ ,s possible to determine tbe speciliCy o, tne nature, loading module tor unnatural 
5 staner un,ts and to ,a.e advantage o, the relaxed spec«y o, ,ne loading module to generate 
ndve, poly.e,lde. Thus, another aspect o, ,hls ,nven„on is ,ne unexpeCed ability o, ,he ^ 
loading module ,o ,ncorpora,e uhna,ural carboxyl. acds and dehvatives thereo, ,o produce nove, 
a.V,hromyo,ns ,n er^hromycin-producing s„a,ns con,a,n,ng only OBBS genes. O, course one may 
also maxe aiterat^ns «,in a product polyXetlde pa.,cu,er,y by replacing an ex,ens„n module by 
' one that gives a Xetide uni, at a di»erent oxidation state and^or „„h a dl„»ent stereochemis,^ „ 
"as genera„y been assumed ,ha, ,he .ereochemis,^ o, ,ne methy, groups in ,he polyxefde chain 
.sde,erm,ned by the acyltransierase, bu, ,t Is in lact. a teature o, Cher domains o, ,he PKS and 
thus open ,o variation only by repracemen, o, ,hose domains, mdividualiy or by module 
'epiacemen, Me,h. and Cher subs^tuents can be added or removed by acy„rans,erase domain 
replacement or tola, mo«.le ret^acement. c^nseouently i. also becomes apparen, to those 
^^..ed in ,he a. ma, i, ,s pos.ble ,o combine ,he use o, Ihe relaxed substrate speclticlty o, the 
e^hromycn loading module „„h e«ehs,on module replacemen, and hybnd fading module 
subs,it„„„„ „„b extension module rep,acement as a mechanism .o produce a w,de iange o, nove, 
enrtnromycns. Thus. ,hls Invemion deschbes ,he production o, nove, e^hromyclns by non- 
-ranstormed organisms and a,so such gene assembles, vecprs containing such gene assemblies 
and ,rahs,orman, organisms ,hat can express them to produce novel erythromycins in trans-ormed' 
organisms ^-"^'o^antcgahisms may harbour recombinant plasmids. or ,hep,a^^s may 
.".agrare. A P,asmldv,lman,n,se<,uencewill ln,egrate ,nto a specie attachment siteta^ota 
host s Chromosome. Tran.omtant organisms may be capable „, mcdilying me in.a, producis 
e g . by earning out a,l or some o, the biosyh,he„c moditicat^ns normal in Ihe producon o, 
ervmromycns ,as shown .„ .g„. „^ ^ ^^^^ ^, ^^^^^ ^^^^^ 

some o, me normal pathways are blocKed. e g . to produce products „,thou, one or more -natural- 
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hydroxy-groups or sugar groups, for instance as described in WO 91 /1 6334 or in Weber et al. 
(1985) J. Bactenol. 164:425-433 which are incorporated herem by reference .n their entirety. 
Alternatively, use may be made of organisms in which some of the normal pathways are 
overexpressed to overcome potential rate-limiting steps in the production of the desired product, 
for instance as described in WO 97/06266 which is incorporated herein by reference m its entirety. 

This aspect of the method is largely concerned with treating PKS gene modules as 
building blocks that can be used to construct enzyme systems, and thus novel erythromycin 
products. Of desired types. This generally involves the cutting out and the assembly of modules 
and multi-module groupings. Logical places for making and breaking intermodular connections are 
be .n the linking regions between modules. However, it may be preferable to make cuts and ,o.ns 
actually within domains (i.e.. the enzyme-coding portions), close to the edges thereof The DNA is 
highly consen/ed here between all modular PKS s. and this may aid in the construction of hybnds 
that can be transcnbed. It may also assist m maintaining the spacing of the active sites of the 
encoded enzymes, which may be important. For example, m producing a hybrid gene by replacing 
the ery loading module by an avr loading module, the ery module together with a small amount of 
the following ketosynthase (KS) domain was removed. The start of the KS domain (well spaced 
from the active site) is highly conserved and therefore provides a suitable splicing site as an 
alternative to the linker region between the loading domain and the start of the KS domain. The 
excised gry module was then replaced by an gyr loading module 

In fact. When substituting a loading module, it may be desirable to replace not just the 
loading module domains (generally acyl transferase (AT) and acyl carrier protein (ACP)). but also 
the KS at the start of the following extension module. Typically the excised loading module would 
have provided a propionate starter, and the replacement is intended to provide one or more 
different starters. Propionate, however, may feed into the KS of the extension module from a 
propionate pool in the host cell, leading to dilution of the desired products This can be largely 
prevented by substituting an extended loading module including all or most of the KS domain. 
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(The splice arte may be ,n the end region of the KS gene, or early m the following AT gene, or the 
linker region between them.) 

When i-eplacng "modules", one .s not restricted to ■ naturaf r^odules. For example, a 
■ combinatorial module" to be excised and/or replaced and/or inserted may extend from the 
corresponding domain of two natural-type modules, e.g., from the AT of one module to the AT of 
the next, or from KS to KS. The splice sites wil, be in corresponding conserved marginal regions or 
.n linker regions A combinatonal module can also be a double' or larger multiple, for adding 2 or 
more modu/es at a time. 

in a further aspect, the invention provides novel erythromycins obtainable by means of the 
previous aspects. These include the following: 

(0 An erythromycin analogue (being a macrolide compound wrth a 14-membered ring, m 
Which C- 13 bears a s-de-cham other than ethyl, generally a straight chain C3-C6 alkyl group, a 
branched C,<:^ alkyi group. aCg-Cg cycloalkyi or cycloalkenyl group (optionally substituted, e.g.. 
With one or more hydroxy. alkyi or alkoxy groups or halogen atoms), or a 3-6 membered 
heterocycle containing O or S. saturated or fuHy or partially unsaturated, optionally substituted (as 
for cycloalkv.). or R, is phenyl which may be optionally substituted with at least one substituen, 
selected from C,-C. alkyl. C.-C. alkoxy and C,^, aikylthio groups, halogen atoms, trifluoromethyl. 
and cyano; or R, may be a group with a formula (a) as shown below: 





Wherein X is O. S or -CH,-. a. b. c. and d are each independently 0-2 and a . b . c . d ^ 5 Preferred 
candidates for the C-13 substituen, R are the groups of carboxylate units RCOOR". usable as 
substrates by an ayr starter module, or rapamycin starter variari.s. Preferred substrates are the 
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hydroxy-groups or sugar groups, for instance as descnbed in WO 91/16334 or in Weber et al, 
(1985) J. Bacteriol 164:425-433 which are incorporated herein by reference m their entirety 
Alternatively, use may be made of organisms in which some of the normal pathways are 
overexpressed to overcome potential rate-limiting steps in the production of the desired product, 
for instance as described in WO 97/06266 which is incorporated herein by reference in its entirety. 

This aspect of the method is largely concerned with treating PKS gene modules as 
building blocks that can be used to construct enzyme systems, and thus novel erythromycin 
products, of desired types This generally involves the cutting out and the assembly of modules 
and multi-module groupings. Logical places for making and breaking intermodular connections are 
be m the linking regions between modules. However, it may be preferable to make cuts and lo.ns 
actually withm domains (i.e.. the enzyme-coding portions), close to the edges thereof The DNA >s 
highly conserved here between all modular PKS s. and this may aid m the construction o1 hybnds 
that can be transcribed. It may also assist ,n ma.nta.nmg the spacing of the active sites of the 
encoded enzymes, which may be important. For example, in producing a hybrid gene by replacing 
the eiy loading module by an ayr loading module, the ery module together with a small amount of 
the following ketosynthase (KS) domain was removed. The start of the KS domain (well spaced 
from the active site) is highly conserved and therefore provides a suitable splicing site as an 
alternative to the linker region between the loading domain and the start of the KS domain. The 
excised gry module was then replaced by an SUL loading module. 
20 In fact, when substituting a loading module, it may be desirable to replace not just the 

loading module domains (generally acyl transferase (AT) and acyl carrier protein (AGP)), but also 
the KS at the start of the following extension module. Typically the excised loading module would 
have provided a propionate starter, and the replacement is intended to provide one or more 
different starters. Propionate, however, may feed into the KS of the extension module from a 
25 propionate pool in the host cell, leading to dilution of the desired products This can be largely 
prevented by substituting an extended loading module including all or most of the KS domain. 
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(The splice Site may be ,n the end reg.on of the KS gene, or early m the following AT gene, or the 
linker region between them ) 

When replacing "modules", one .s not restricted to "natural" modules. For example, a 
••oomb.natorial module" to be exc.sed and/or replaced and/or inserted may extend from the 
corresponding doma.n of two natural-type modules, e.g., from the AT of one module to the AT of 
the next, or from KS to KS. The spl.ce sites will be .n corresponding conserved marg.na. regions or 
.n linker regions A combinatorial module can also be a double' or larger multiple, for adding 2 or 
more modules at a time. 

In a further aspect, the invention provides novel erythromycins obtainable by means of the 

previous aspects. These include the following: 

(i) An erythromycin analogue (being a macrolide compound wrth a 14-membered ring, ,n 

Which C- 1 3 bears a side-chain other than ethyl, generally a straight chain C3-C6 alkyi group, a 

branched C^^^ alkyI group. aC3<:g cycloalkyi or cycloalkeny, group (optionally substituted, e.g.. 

With one or more hydroxy, alkyI or alkoxy groups or halogen atoms,, or a 3-6 membered 
heterocycle containing O or S. saturated or fully or partially unsaturated, optionally substituted (as 
for cycloalkyt), or R, is phenyl which may be optionally substituted with at least one substituent 
selected from C,-C, alkyI, C,<:, alkoxy and C,^. alkylthio groups, halogen atoms, trifluoromethyl, 
and cyano. or R, may be a group with a formula (g) as shown below: 





Wherein X is O. S or -CH,. a. b. c. and d are each Independently 0-2 and a . b . c . d < 5 Preferred 
candidates for the C-13 substituent R are the groups of carboxylate units RCOOR '. usable as 
substrates by an avr starter module, or rapamycin starter variants. Preferred substrates are the 
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carboxyl.c acids RCOOH. Alternative substrates that can be effectively used are carboxyiic acid 
sa«s. carboxyiic acd esters, or am.des Preferred esters are N-acetyl-cysteamine th.oesters which 
can readily be utilised as substrates by the staner module as illustrated by Dutton et al. .n EP 
0350187 Which ,s incorporated herein by reference in its entirety. Preferred amides are N-acyi 
imidazoles, aher alternative substrates that may be used are derivatives which are ox.dative 
precursors for the carboxyiic acids: thus, for example su.table substrates would be ammo acids of 
the formula RCH(NH,)COOH. glyoxylic ac-ds of the formula RCOCOOH. methylam.ne derivatives of 
the formula RCH.NH,. methanol derivatives of the formula RCH,OH. aldehydes of the formula 
RCHO or substituted alkanoic acids of the formula R(CH3)„COOH wherein n is 2. 4. or 6 Thus 
examples of preferred substrates include isobutyrate (R=i-Pr) and 2-methylbutyrate (R=1 ■ 
methylpropyl). Other possibilities include n-butyrate. cyclopropyl carboxylate. cyclobutyl 
carboxylate. cyclopentyl carboxylate cyclohexyl carboxylate. cycloheptanyi carboxylate, 
cyclohexenyl carooxylates. cyclohepteny. carboxylates. and nng- methylated variants of the cyclic 
carboxylates and the aforementioned derivatives thereof 

The erythromycin analogue may correspond to the initial product of a PKS (6- 
deoxyerythronolide) or the product after one or more of the normal biosynthetic steps As shown 
in Figure 2b these compnse: 6-hydroxylat.on: a-O-glycosylation; 5-0-g.ycosyiation: 12- 
hydroxylation: and specific sugar methylation. 

Thus, the analogues may include those corresponding to 6-deoxyenrthronol.de B. 
e^hromycin A, and the various intermediates and alternatives (although not limited to those) 
shown in Figure 2b. 

(ii) Erythromycin analogues differing from the corresponding natural' compound (Figure 
2b) in the oxidation state of one or more of the ketide units (i.e. selectK^n of alternatives from the 
group; -CO-. -CH(OH)-. =CH-. and -CH2-) 

The stereochemistry of any -CH(OH)- is also independently selectable. 

(.ii) Erythromycin analogues differing from the corresponding natural' compound in the 
absence of a natural' methyl side-chain . (This is achievable by use of a varianfAT) Normal 
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e.ens,on .oaules em., c, o,C, u„,s ,o prov,.e u.™hv,a,e. and ™e,.y,a,a. MK,e 
un,,. one ™av p.«.e un.e,.,a,e<, „.e,e n,e,n,.a,e. „n„s a,a na.,a, ,an. v.ce ve^sa ,n 
svs,e™ »ne,o ,ne,e a. na.u.., un™,nv,3«. „„„s, and a,so p.ov.e ,ar,er un«s, e ,. c, ,o 
provide ethyl substrtuents. 

(iv) E,v,..o.vc,n ana^ues «e«n, ,ro. ,ne co.espond.ng natu-ar compound ,n ,.e 
s,e,eochem,s^o, ■na.urar and/or nng ^bs,„.en,s other man „e«,yi. 

(V) En.hro.,cn analogies na.„g ,.e ,ea,u,as o, ^,c „, ™.e o. =e=,*ns ,i, ,o ,iv, 
<v., aenva„ves o, any o. ,ne apove .n„H nave undergone ^r^., p.oees.n, non.PKS 
enzy.es. e g., one o, .ore o, nvd,oxy,a,,on, epoxlda„on. g,ycosy,a„on. and n,e,nv,a„on 

Me,nods are defended ,or ,ne prod.c»n o, me nove, e,v,nro.v.ns o, me presen, 
~ (P-eraP,v. p. no, res,r.,ed .o me 

.3r..,.a.dana.,ueso,meunna.r..ar,er.„,3,are,n,roduced.o„n.an.o„.edor.an,^3 
c Pap,e 0, producn, e^nromycns . pre,erred approacn ,nyo,ve. .n.roducon o, me s,aner „n„ 
.n.0 .er.en,a„on Proms o, me erv,nromy.,„.produc,n, or,an,s.. an approacP „n,cn ,s more 
e«ec„ve ,or „ans,ormed organises oapa^e o, producn, erv,nromvo,ns. However, me s,aner « 
ana,ogue can a,so Pe ,n,rpddced ,o a„er„a„ve prepara„ons o, me e^romvcn-producn, 
orga^sms. ,ore«n,p,e. '-Cnared o, un,rac„o„a,ed bro.en-ce,, prepara„ons. Aga,n mis 
approacn ,s e.ua»v e«ec.ve ,pr .ransTormed cgan.sms capap,e o, producn, ervmromvcns m 

— e,v. ,ndiv,dua, ,„odu,ea p, domarns .m,n me OEBS ,enas p, an e^hromyCprodp*, 
~.oad,„,„op.es3nde«,ens,onmodu,esdra„n,ro.a„y„a,pr3,ornpn-na.^^ 

" ^"-'■"•'^--—--'-orm.spprposearemecomponen.s 

o'Type,PKS-3,ormep,psynmes,sp,erv,.p.yc,n.rapan,vc,n.aver.ec„n.,«rpna.n 
o,ea„do.,c,n. „„„ensm. a.pnp,e,.,n. and n,amyc,n. ,or „n.n me gene and modular 

or,an.a.on ,s .„p„„ mrpugn gene sepuence ana,v.s. a, ,eas, ,n pan. Pan.cu,any ,avourap,e 
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carboxylic acKis RCOOH. Alternat.ve substrates that can be effectively used are carboxyLc acid 
sa«s, carboxylic acid esters, or am.des Preferred esters are N-acetyl-cy steam ine th,oesters wh.ch 
car, readily be utilised as substrates by the ^ starter module as illustrated by Dutton et al. in EP 
0350187 Which is incorporated herein by reference in ,ts entirety Preferred amides are N-acyl 
,m.da2oles. Other alternative substrates that may be used are derivatives which are ox.dative 
precursors for the carboxyi.c acids: thus, for example suitable substrates would be ammo acds of 
the formula RCH(NH,)COOH. glyoxylic acds of the formula RCOCOOH, methylam.ne derivatives of 
the formula RCH,NH„ methanol denvatiyes of the formula RCH,OH. aldehydes of the formula 
RCHO or substituted alkanoic acids of the formula R(CH3)„COOH wherein n is 2. 4. or 6 Thus 
examples of preferred substrates include .sobutyrate (R=i-Pr) and 2-methylbutyrate (R=1 - 
methylpropyl). Other possibilities include n-butyrate. cyclopropyl carboxylate, cyclobutyl 
carboxylate. cyclopentyl carboxylate cyclohexyl carboxylate, cycloheptanyl carboxylate. 
cyclohexenyl carboxyiates. cyc.ohepteny. carboxylates. and ring-methy.ated vanants of the cyclic 
carboxylates and the aforementioned derivatives thereof 

The erythromycin analogue may correspond to the initial product of a PKS (6- 
deoxyerythronolide) or the product after one or more of the norma, biosynthetic steps As shown 
,n Figure 2b these compnse: 6-hydroxy.at.on: 3-0-glycosy.ation; 5-0-glycosy.ation: 1 2- 
hydroxylation; and specific sugar methylation. 

Thus, the analogues may include those corresponding to 6-deoxyenrthronol.de B. 
erythromycin A. and the various intermediates and alternatives (although not limited to those) 
shown in Figure 2b. 

(li) Erythromycin analogues differing from the corresponding natural' compound (Figure 
2b) in the oxidation state of one or more of the ketide units (i.e. se.ectK,n of alternatives from the 
group: -CO-. -CH(OH)-. =CH-. and -CHg-) 

The stereochemistry of any -CH(OH)- is also independently selectable. 

(1.1) Erythromycin analogues differing from the corresponding naturae compound in the 
absence of a -naturar methyl ^de-chain . (This is achievable by use of a variant AT) Normal 
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e«e„s,on .o».,es use e«^, c, or C, um. ,o pro..e un.«.„3,e. ana n,e,.v,a.ea .e,l.e 

sy...s „.e,e ,.e,ea,e na,u,a„v un™,.y,a,«, .„«s, an. p.ov«e ,ar,e, .„„s. e.p , 0, ,o 
provide ethyj substrtuents. 

stereoche^is,^ o, naturar an./c, *g 3ubs.,uen,s other ,.a„ ™,hy, 

<v) E,y,hro.y„. 3na,c.e. ha^ng ,ea,u,e3 o, or .„,ec, sac»„3 „ ,o 
<v., Oe..a„ves o, any o, .a ato« „ave un„er^e rurrnor proces^n, Py „p„.PKs 
-zy.es. e g.. p„e or .ore o. .vProxv,a„or,. e»x,«a„on. g,yco3y,a«on. ano r„e,hy,a„p„ 

Methoaa are Pe3or,Pec- ,or ,.e prooucon o, ,„e nove, ery,.ro.y=,„3 o, ,.e presen, 
.-n„o„ ,„ ,„e ..p,e3, .e,„o.. „„„3,ura, 3,a.e, u„,.3 ,pre,eraP,y. p. .33,r,c,ep ,p .e 

caro„.,,oac,0ana...3o,.e.„,,a.rau,a^^ — ce. .„ „„.a„3,or.e. or.a„,3.3 

c .ap,a o, pro«.,„, eo..ro.yc,„3 . „re,erreO approaoH ,nyo,ve3 ,„,ro.„o„o„ o, .Pe 3,ar,e, u„„ 
.n.o ,er.e„,a„o,, ..,,3 erv,Pro.yo..p,op„c,„g .,3.3.. an approaon „n.n ,3 .pre 
e«ec„ve ,pr „a„3,pr,„e. organ.™ capap,e 0, pro^ucng ery^rcycna However. ,.e 3,a.er „n„ 
analogue can a,30 Pa ,n,roo„Pe» .p a„er„a.,ve „repara„on3 o, ,ne e^nron,yc,n,proPuc,„g 
orga™s.3. ,or e.a„,p,e. ,rac.o„a,eo 0, p„„ac,p„a,« Pro.an.can prepara„o„3. .gain ,n,3 
aPProacn ,3 e.ua„y e^eorlve ,or .anaTormeo p.an,3.3 capap,e o, prpopo.ng erv,nro.yc,ns ,n 
anotner .e,noP. one or more seg.en,3 o, OU. er^.„g ,„o„.„3, .o.„,e3 or Oo.a,n3 »«n,n a 

— e,y..o.,ppa,.o..e3p.oo™,n3«n..^ 

^a„,...oap,ng.oou,e3an.a«en3,on.o.u,esprawn,ron,a„yna.pra,orno„™ 

PKS.are3u,,a«e,or.3.0onor-.KSPu,pa,„ou,any3u„aP,e,o porpoaa are ,Pe cp.ponen. 

or Type , PKS-3 ,pr .ne .P3yn.e.s o, ^ror.,^„. rapamy*. a„. ,e,rpna.n 
O.ean0om,cn. r^onenarn. a.pno,e«n. an» n,amyc.. ,pr „p,c„ ,„e gen, an. ..opp^, 
organ,3a„on ,3 .nown .nrougn gene sepuenoe ana,y.3. a, ,ea3, ,n pan Pa^o.a,^ ,„ 
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specificity, for example, the loading module of the avermectin (avr)-producing PKS of 
Streptomyces avermitilis; or those loading modules possessing an unusual soecificlty, for 
example, the loading modules of the rapamycin-. FKS06- and ascomycin-producing PKS s. all of 
which naturally accept a shikimate^lerived starter unit. Unexpectedly, both the untransformed 
5 and genetically engineered erythromycin-producing organisms when cultured under suitable 
conditions have been found to produce non-natural erythromycins, and where appropriate, the 
products are found to undergo the same processing as the natural er/thromycin. 

in a further aspect of the present invention, a plasmid containing "donor" PKS DNA is 
introduced into a host cell under conditions where the plasmid becomes integrated into the DEBS 
10 genes on the chromosome of the erythromycn-producing strain by homologous recombination, ro 
create a hybrid PKS. A preferred embodiment is when the donor PKS DNA includes a segment 
encoding a loading module m such a way that this loading module becomes linked to the DEBS 
genes on the chromosome Such a hybrid PKS produces valuable and novel erythromycin 
products when cultured under suitable conditions as described herein. Specifically, when the 
1 5 loading module of the DEBS genes is replaced by the loading module of the 

avermectin-producing (avr) PKS. the novel er/thromycin products contain a starter unit typical of 
those used by the avr PKS. Thus, when the loading module of the ery PKS is replaced by the avr 
loading module. Saccharopolyspora erythraea strains containing such hybrid PKS are found to 
produce 14-membered macrolides containing starter unrts typically used by the avr PKS. 
20 It is unexpected that the l4-membered macrolide polyketides produced by such 

recombinant cells of S. erythraea are found to include derivatives of erythromycin A. showing that 
the several processing steps required for the transformation of the products of the hybrid PKS into 
novel and therapeutically valuable erythromycin A denvatives are correctly carried out. A further 
aspect of the present invention is the unexpected and surprising finding that transcription of any 
25 of the hybrid erythromycin genes can be specifically increased when the hybrid genes are placed 
under the control of a promoter for a Type II PKS gene linked to a specific activator gene for that 
promoter it is particularly remarkable that when a genetically engineered cell containing hybrid 
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erythromycin genes under such control is cultured under conditions su.table for erythromycin 
production significantly enhanced levels of the novel erythromycin are produced. Such specific 
increases ,n yield of a valuable erythromycin product are also seen for natural erythromycin PKS 
placed under the control o1 a Type I, PKS promoter and activator gene. In a preferred embodiment, 
desrred genes present on an SCP2-^erived plasmid are placed under the control of the 
bidirectional acti promoter denved from the actinorhodin biosynthetic gene cluster of 
Streptomyces coelicolor. and in which the vector also contains the structural gene encoding the 
specific activator protein Act ll^rf 4. The recombinant piasmid ,s introduced into 
Saccharopolyspora erythraea. under conditions where either the introduced PKS genes, or PKS 
genes already present ,n the host strain, are expressed under the control of the act. promoter. 

Such strains produce the desired erythromycin product and the activator gene requires 
only the presence of the specific promoter in order to enhance transcnptiona. efficiency from the 
promoter This is particularly surpnsing .n that activators of the Act.l<>rt4 family do not belong to a 
recognised Cass of DNA-binding proteins. Therefore it would be expected that additional proteins 
or other control elements would be required for activation to occur in a heterologous host not 
known to produce actinorhodin or a related isochromanequ.none pigment. It ,s also surpnsing and 
useful that the recombinant strains can produce more than ten-fold erythromycin product than 
When the same PKS genes are under the control of the natural promoter, and the specific 
erythromycin product is also produced precociously in growing culture, rather than only dunng the 
transition from growth to statonary phase. Such erythromycins are useful as an^biotics and for 
many other purposes in human and veterinary medicine. Thus, when the genetically engineered 
cell is saccharopolyspora erythraea. the activator and promoter are derived from the actinorhodin 
PKS gene cluster and the actl/actll^rt4-regulated ery PKS gene cluster is housed in the 
Chromosome, following the site-specific integration C a low copy number plasmid vector, culturing 
Of these cells under suitable conditions can produce more than ten-fold total M-membered 
macrolide product than .n a comparable strain not under such heterologous control. When ,n such 
a genetically eng.neered cell of S. en^hraea the PKS genes under this heterologous control are 
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specificity, for example, the loading module of the avermectin (avr)-producing PKS of 
Streptomyces avermitilis; or those loading modules possessing an unusual specificity, for 
example, the loading modules of the rapamycin-. FK506- and ascomycin-producing PKS s. all of 
Which naturally accept a shikimate^erived starter unit. Unexpectedly, both the untransformed 
and genetically engineered erythromycln-producing organisms when cultured under suitable 
conditions have been found to produce non-natural erythromycins, and where appropriate, the 
products are found to undergo the same processing as the natural erythromycin. 

in a further aspect of the present invention, a plasmid contarning "donor" PKS DNA is 
introduced into a host cell under conditions where the plasmid becomes .ntegrated into the DEBS 
genes on the chromosome of the erythromycin-productng strain by homologous recombination ro 
create a hybrid PKS. A preferred embodiment is when the donor PKS DNA includes a segment 
encoding a loading module in such a way that this loading module becomes linked to the DEBS 
genes on the chromosome Such a hybrid PKS produces valuable and novel erythromycin 
products When cultured under suitable conditions as described herein. Specifically, when the 
loading module of the DEBS genes is replaced by the loading module of the 
avermectin-producng (avr) PKS. the novel erythromycin products contan a starter unit typical of 
those used by the avr PKS. Thus, when the loading module of the ery PKS is replaced by the avr 
loading module. Saccharopolyspora erythraea strains containing such hybrid PKS are found to 
produce 1 4-membered macrolides containing starter units typically used by the avr PKS. 

Itis unexpected that the 14-membered macrolide polyketides produced by such 
recombinant cells of S. erythraea are found to include derivatives of erythromycin A, showing that 
the several processing steps required for the transformation of the products of the hybrid PKS into 
novel and therapeutically valuable erythromycin A denvatives are correctly carried out. A further 
aspect of the present invention is the unexpected and surprising finding that transcnption of any 
of the hybrid erythromycin genes can be specifically increased when the hybnd genes are placed 
under the control of a promoter for a Type II PKS gene linked to a specific activator gene for that 
promoter It is particularly remarkable that when a genetically engineered cell containing hybnd 
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erythromycin genes under such control is cultured under conditions suitable for erythromycin 
production, significantly enhanced levels of the novel erythromycin are produced. Such specific 
increases ,n yield of a valuable erythromycin product are also seen for natural erythromycin PKS 
Placed under the control of a Type II PKS promoter and activator gene. In a preferred emtx,diment. 
desired genes present on an SCP2-.iehved plasmid are placed under the control of the 
bidirectional acti promoter derived from the actinorhodin biosynthetic gene cluster of 
Streptomyces coelicolor. and in which the vector also contains the structural gene encoding the 
specific activator protein Act li-orf 4. The recombinant plasmid is introduced into 
Saccharopolyspora eo^hraea. under conditions where either the introduced PKS genes, or PKS 
genes already present in the host strain, are expressed under the control of the acti promoter. 

Such strains produce the desired erythromycin product and the activator gene requires 
only the presence of the specific promoter in order to enhance transcnptiona. efficiency from the 
promoter This is pahicularly surprising in that activators of the Actll^rf4 family do not belong to a 
recognised class of DNA-binding proteins. Therefore ,t would be expected that additional proteins 
or other control elements would be required for activation to occur in a heterologous host not 
Known to produce actinorhodin or a related isochromanequinone pigment. ,t is also surprising and 
useful that the recombinant strains can produce more than ten-fold erythromycin product than 
When the same PKS genes are under the control of the natural promoter, and the specific 
erythromycin product is also produced precociously in growing curture. rather than only dunng the 
transition from growth to stationary phase. Such erythromycins are useful as an^biotics and for 
many other purposes in human and veterinary medicine. Thus, when the genetically engineered 
cell is Saccharopolyspora erythraea. the activator and promoter are derived from the actinorhodin 
PKS gene cluster and the actl/actllorf4-regulated ery PKS gene cluster is housed in the 
Chromosome, following the site-specific integration C a low copy number plasmid vector, culturing 
Of these ceils under suitable conditions can produce more than ten-fold total l4-membered 
macrolide product than m a comparable strain not under such heterologous control. When in such 
a genetically engineered cell of S. erythraea the PKS genes under this heterologous control are 
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hybrid Type i PKS genes whose construction is described herein, more than ten-fold hybrid 
polyketide product can be obtained compared to the same hybrid Type i PKS genes not under^ 
such control. Specifically, when the hybrid Type I PKS genes are the ery PKS genes in which the 
leader module is replaced by the avr loading module, a ten-fold increase is found in the total 
amounts of novel 14-membered macrolides produced by the genetically engineered cells when 
cultured under suitable conditions as descnbed herein. 

The suitable and preferred means of growing the untransformed and genetically- 
engineered erythromycln-producmg cells, and suitable and preferred means for the isolation. 
Identification, and practical utility of the novel erythromycins are descnbed more f uily in the 
examples. 

Q, ffrrt^ry nf thft Invention 
The present invention relates to compounds of the formula 1: 



N(CH3); 




Rq = H or 




ORs 



Rio = OH or 




CH3 



-CH, 



^OH 



H3C OR13 



and to pharmaceutically acceptable salts thereof, wherein: 

R, is an alpha-branched C3-Ce alkyi, alkenyl, alkynyl. alkoxyalkyi or alkytthioalkyi group any of 
wh.ch may be optionally substituted by one or more hydroxyl groups, a C,-Cs cycloalkylalkyi group 
wherein the alkyI group is an alpha-branched C-Cs alkyI group: a C^-C, cycloalkyi or C,-C, 
cycloaikenyl group, either of which may optionally be substituted by methyl or one or more 
hydroxyl, or one or more C.-C. alky! groups or halo atoms: or a 3 to 6 membered oxygen or sulphur 



SUBSTITUTE SHEET (RULE 26) 



wo 98/01571 



12 



PCT/GB97/01810 



containing haterccyc,^ ring „M.ch may be sa,ura,e», or My or pan,a«y c»,aa,ura.ea ano „h,cn may 
oo.iona„y be ..bs,i,u,ed by one or more C.<:..,^ grouos or nalo a«,ms: or R, i. pneny, wnion 
may oe op,iona.,y sub.«,u,eo wi,h a, ieas, one sub-uem selected from C,.:, a*y,^ C,<.. a«,oxy 
ano C,^. a,»y„n,o groups, habgen atoms, tntluorometfty,: an. cyano: or fi, may ba a group wim a 
/ormula (a) as shown below: 




Wherein X is O. S or -CH,-. a, b. c. and a are eacn .ndependently 0-2 and a . b . c . d ^ 5 

R..sHorOH: R3-R, are each, -ndependen.ly H. CH,. crCH.CH.,. R, is H or OH. and R, ,s H 
CH3. or CH,CH,. R3 is H or desosam.ne. R, is H. CH,. or CH.CH. R. ,s OH. rnycarose (R„ Is H) or 
Cad-nose (R,3 ,s CH,), R.. is H; or R„ = r,. = O: and R., ,s H. CH, or CH.CH, . 

>n the above definrt,on. a.ky, groups conta.n,ng 3 or more caroon atoms may be straight or 
branched cha.n. Halo means «uoro. ch.oro, bromo or .odo Aipha- branched means that the carbon 
attached to the C- 13 portion .s a secondary carbon atom „nKed to two further carbon atoms, the 
remainder of the alkyi chain may be stra.ght or branched chain. 

Preferred compounds of formula 1 are those wherein R3-R,, R,. R„ and R.are CH,. and R, 
is isopropy, or sec-butyf. 2-buten-2-y,. 2-penten-2-y., or 4-methy,-2-penten.2-y. opfonaf.y 
substituted by one or more hydroxy, groups Also preferred are compounds of formula 1 wherein 
R. Rg. and R.areCH,. and R,isC,<:,cycloa.ky.orcycloallceny.. wh.ch may optionally be 

Of preferred compounds. R. is a 5 or 6 membered oxygen or sulphur containing neterocyc.ic nng 
particularly a 3-.h.eny, or S-furyl ring, which may be optionally substituted by on or more hydroxy, 
groups, or one or more C,<:, a.kyi groups or halogen atoms In another group of preferred 
compounds, R , is a C,<:, alky.thioa.kyl group, particularly a 1 -methy.thioe.hy, group 
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hybrid Type I PKS genes whose construction is described herein, more than ten-foid hybrid 
polyketide product can be obtained compared to the same hybrid Type i PKS genes not under 
such control Specifically, when the hybrid Type I PKS genes are the ery PKS genes in which the 
leader module is replaced by the avr loading module, a ten-fold increase is found in the total 
amounts of novel 14-membered macrolides produced by the genetically engineered cells when 
cultured under suitable conditions as descnbed herein. 

The suitable and preferred means of growing the untransformed and genetically- 
engineered erythromycin-producng cells, and suitable and preferred means for the isolation. 
Identification, and practical utility of the novel erythromycins are descnbed more fully in the 
examples. 

Riimmarv o f thft Invention 
The present invention relates to compounds of the formula i: 



N(CH3): 




Rq = H or 




CH3 




ORe 

Rio = OH or 

H3C bRi3 

and to phamnaceutically acceptable salts thereof, wherein: 

R, is an alpha-branched C,-C, alkyl. alkenyl, alkynyl, alkoxyalkyi or alkylthioalkyi group any of 
wh.ch may be optionally substituted by one or more hydroxyl groups; a C,<:, cycloalkylalkyi group 
wherein the alky! group is an alpha-branched C,-C, alkyl group; a C,-C. cycloalkyi or C,-C, 
cycloalkenyl group, either of which may optionally be substituted by methyl or one or more 
hydroxyl. or one or more C,^. alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur 
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containing .«erccyc,ic ring „n,ch may ba S3«.ra,e.. o, luily or panially unsaturate ana «„cn may 
ootionativ bs substituted by one or more C.C.atKy, groupsor hato atoms: or H, is pheny, which 
may oe optionaliy substituted »ith at teas, one substituen. selected trom C.^. atky,^ cx. altccxy 
and C,^. alKylthio groups, halogen atoms, tntluoromethyt. and cyano: or R, may be a group ™th a 
tormula (a) as shown below: 



• K 

(CH2), 

where-n X ,s O. S or -CH,-. a, b. c. and , are eacn independently 0-2 and a . b . c . d < 5 

R..sHorOH, R3-R, are eacn. mdependently H. CH,. orCH,CH,: R, ,s H or OH, and R, is H 
CH3. orCH,CH,; R, .3 H or desosam.ne. R, .s H. CH. or CH.CH. R. ,s OH. mycarose (R. is H) or 
Cadinose (R, ,s CH,), R„ is H; or R„ r„ = O; and R,, .s H. CH,. or CH^CH, . 

In the above definifon. a,Ky, groups conta,n,ng 3 or more carbon atoms may be straight or 
branched cha,n. Ha,o means «uoro. ch.oro, bromo or .odo Alpha- branched means that the carbon 
attached to the C-13 po.t.on ,s a secondary carbon atom l.nked to two lurther carbon atoms, the 
remainder of the alkyi chain may be stra,ght or branched chain. 

. Preferred compounds of formula i are those wherem R3-R,, R,. R„ and R.areCH,. and R, 
is isopropy, or sec-butyl. 2-buten-2-y,. 2-penten-2-y.. or 4.methy,-2-penten-2-y. opt.ona,ly 
substituted by one or more hydroxy, groups Also preferred are compounds of formula 1 wherein 
R3-R.. R. R. and R are CH,. and R , is C,-C. cycloalkyi or cycloalkeny.. wh,ch may optionally be 

or.preterred compounds. R, is a 5 or 6 membered oxygen or sulphur conta.n.ng heterocyclic ring 
pa..cu,ar,y a 3-.h,enyl or a-fu^l r,ng. .h.ch may be optionally subsftuted by on or more hydroxy, 
groups, or one or more C,<:, alkyI groups or halogen atoms In another group of preferred 
compounds. n..saC3<:, alky.thioa.kyl group. pan,cularlya 1 -methylthroethy. group 



SUBSTITUTE SHEET (RULE 26) 



wo 98/01571 



PCT/GB97/01810 



13 



Other specific embodiments of this invention include compounds of formula Z 

N(CH3)2 



Ra = H or 





CH3 



R10 = OH or 




H3C OR13 



and to pnarmaceutically acceptable salts thereof, wherein: 

R, is H, C.-Ce alkyl. C-C, alkenyl. C^-Cs alkynyl, aikoxyalkyi or alkylthioalkyi containing from 1 

5 to 6 carbon atoms in each alkyl or alkoxy group wherein any of said alkyl. alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms: or a C3- 
C, cycloalkyi or C^-Ce cycloalkenyl either of which may be optionally substituted by methyl or one or 
more C,-C. alkyt groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic nng which may be saturated or fully or partially unsaturated and which may optionally 

10 be substituted by one or more C-C^ aJkyI groups or halo atoms; or a group of the formula SR„ 

Wherein R„ is C,-C, alkyl, C3-C, alkenyl, C,-C. alkynyl, C3-Cs cycloalkyi. Cs^^a cycloalkenyl, phenyl or 
substituted phenyl wherein the substituent is C,-C, alkyl. C,-C, alkoxy or halo, or a 3 to 6 membered 
oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C,-C. alkyl groups or halo 

15 atoms 

R, is H or OH: R,-Rs are each independently H, CH3, or CH^CH,; R, is H or OH: and R, is H. 
CH,. or CH^CH,; R, is H or desosamine: R, .s H. CH,. or CH^CH,; R ,0 is OH, mycarose (R „ is H), or 
cladinose (R„ isCH,). R„ is H: or R«, = R., = O: and R„ is H. CM,, or CH,CH,. with the prov.so that 
when R3-R, are CH3. R , is CH,. R, is CH,. and R . Js CH3. then R . is not H or C, alkyl 
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In the above definrtion. alkyi groups containing 3 or more carbon atoms may be straight or 
branched chain Halo means fluoro, chloro. bromo or lodo 

Preferred compounds of formula g are those wherein R^-R.areCH,, R^isCH,, R^isCH,, 
and R„ isCH,. and R, is SR„ wherein R„ is methyl or ethyl In another group of preferred 
5 compounds, R. is methyl, isopropyl, or sec-butyl, which may be substituted by one or more 
hydroxy! groups In a further group of preferred compounds. R, is branched alkyI group 
substituted by one or more hydroxyl groups or one or more halo atoms particularly 1- 
{trifluoromethyl)ethyl. 

The invention also relates to a pharmaceutical composition for the treatment of a bactenal 
> infection or a protozoal infection in a mammal, fish, or bird which compnses a theraoeutically 
effective amount of a compound of formula i or formula 2, or a pharmaceutically acceptable salt 
thereof, and a pharmaceutically acceptable carrier 

The invention also relates to a method of treating a bactenal infection or a protozoal 
infection in a mammal, fish, or bird which compnses administering to said mammal, fish or bird a 
therapeutically effective amount of a compound of formula 1 or formula 2 or a phamiaceutically 
acceptable salt thereof. 

The term "treatment", as used herein, unless otherwise indicated, includes the treatment 
or prevention of a bactenal infection or protozoal infection as provided in the method of the 
present invention. 

As used herein, unless otherwise indicated, the terms "bacterial infection(s) " and 
■protozoal infect,on(s)" include bacterial infections and protozoal infections thai occur in mammals, 
fish and birds as well as disorders related to bactenal infections and protozoal infections that may 
be treated or prevented by administering antibiotics such as the compounds of the present 
invention Such bacterial infections and protozoal infections, and disorders related to such 
'Hfections. include the following, pneumonia, otitis media, sinusitus. bronchitis, tonsillitis, and 
mastoiditis related to infection by Streptococcus pneumomae. Haemopt^.lus mfiuenzae. Moraxolla 
catarmal,s. Staphylococcus aureus, or Peptostreptococcus spp ; pharyngitis, rheumatic fever, and 
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Other specific embodiments of this invention include compounds of formula Z 

N(CH3)2 




H3C OR13 



and to pnarmaceuticaily acceptable salts thereof, wherein; 

R, is H, C-C, alkyl. C.-C« alkenyl, C,-Cs alkynyl, alkoxyalkyi or alkylthioalkyl containing from 1 
to 6 carbon atoms in each alkyl or alkoxy group wherein any of said alkyl alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms: or a C,- 
Ccycloalkyl or C^-Ca cycloalkenyt either of which may be optionally substituted by methyl or one or 
more C-C, alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionally 
be substituted by one or more C,-C, alkyl groups or halo atoms; or a group of the formula SR„ 
wherein R„isC.-C.alkyl.C3-C, alkenyl. C,<:,alkynyl.C3-C,cycloalky1. C,<;3 cycloalkenyt, phenyl or 
substituted phenyl wherein the substrtuent is C,-C« alkyl, C.-C, alkoxy or halo, or a 3 to 6 membered 
oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C,-C. alkyl groups or halo 
atoms. 

is H or OH; RyR, are each independently H, CH,. orCH^CH,; R, is H or OH; and R, is H, 
CH„ or CH,CH,: R, is H or desosamine; R,.s H. CH,. or CH,CH,: R„ is OH. mycarose (R „ is H). or 
cladinose (R,, is CH,). R„ is H; or R, = R „ = O; and R„ is H. CH„ or CH,CH„ with the prov.so that 
when R,-R,areCH„ R,isCH,. R^isCH,. and R^isCH,. then R, is not H or C, alkyl 
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In the above definftion. alkyi groups containing 3 or more carbon atoms may be straight or 
branched Cham Halo means fluoro. chloro. bromo or lodo 

Preferred compounds of formula 2 are those wherein R,.R,areCH,. R^isCH,. R.isCH,. 
andR„isCH3.andfl,isSR„wherejnR„,smethylorethyl In another group of preferred 
5 compounds. R, is methyl, isopropyi, or sec-butyl, which may be substituted by one or more 
hydroxyl groups In a further group of preferred compounds. R. ,s branched C,<:, alkyI group 
substituted by one or more hydroxyl groups or one or more halo atoms particularly i - 
(tnf luorom eth yl )ethyl . 

The invention also relates to a pharmaceutical compositK^n for the treatment of a bactenal 
) -nfection-or a protozoal infection m a mammal, fish, or bird which comprises a theraoeutically 
effective amount of a compound of formula lor formula 2, or a pharmaceutically acceptable salt 
thereof, and a pharmaceutically acceptable carrier 

The invention also relates to a method of treating a bacterial infection or a protozoal 
infection ,n a mammal, fish, or bird which compnses administenng to said mammal, fish or bird a 
therapeutically effective amount of a compound of formula 1 or formula 2 or a pharmaceutically 
acceptable salt thereof. 

The term 'treatmenf. as used herein, unless otherwise indicated, includes the treatment 
or prevention of a bactenal infection or protozoal infection as provided in the method of the 
present invention 

As used herein, unless otherwise indicated, the terms "bactenal infection(s)" and 
-protozoal infect,on(s)" include bacterial infections and protozoal infeaions that occur in mammals, 
fish and birds as well as disorders related to bactenal infections and protozoal infections that may 
be treated or prevented by administenng antibiotics such as the compounds of the present 
invention Such bacterial infections and protozoal infections, and disorders related to such . 
infections, include the following, pneumonia, otitis media, sinusitus. bronchitis, tonsillitis, and 
mastoiditis related to infection by Streptococcus pneumomae. Haemoptj,lus mfluenzae. Moraxeila 
catarrtalis. Stap^ytococcus aureus, or Peptostreptococcus spp.; pharyngitis, rheumatic fever, and 
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glomerulonephritis related to ,r.fect.on by Streptococcus pyogenes. GroupsC andG streptococci, 
Clostnd,um d.ptheriae. or Act.nobaallus haemolyticum: resp.ratory tract infectior^s related to 
infection by Mycoplasma pneumon,ae. Legionella pneumophila. Streptococcus pneumoniae. 
Haemophilus influenzae, or Chlamyd.a pne./non,.e; uncomplicated skin and soft t,ssue infecfons, 
abscesses and osteomyelrt.s. and puerperal tever related to infection by Staphylococcus aureus. 
coagulase-positive staphylococci {. e . S ep,derm,dis. S. hemolyticus etc.). Streptococcus 
pyogenes . Streptococcus agalact.ae Streptococcal groups C-F (minute-colony streptococci). 
v,ndans streptococc, Corynebacter,um m.nuUssimum Clostndium spp., or Bartonella henselae: 
uncomplicated acute ur.nary tract .nfect.ons related to .ntect.on by Staphylococcus saprophyt,cus 
or Enterococcus spp., urethnfs and cervc.fs; and sexually transmitted diseases related to 
infection t>v Chlamyd,atrachomat,s. Haemoph.lus ducreyi. Treponema palHdum. Ureaplasma 
urealyticum. or Ne.serr.a gonorrheae.xo^n diseases related to infection by S. aureus (food 
poisoning and Toxic shock syndrome), or Groups A, B, and C streptococci: ulcers related to 
.nfection by Helicotacter pylon: systemic febrile syndromes related to infection by Borrel,a . 
recurrent,s: Lyme disease related to infection by eorre.a ^,u.g^or/er/. conjunctivrtis, keratitis, and 
dacrocystitis related to infection by Chlamydia trachomatis. Neisseria gonorrhoeae. S aureus. S. 
pneumoniae. S. pyogenes. H influenzae, or Ustena spp,: disseminated Mycobactenum avium 
complex (MAC) disease related to infection by Mycobacterium avium or Mycobacterium 
,nfrace/yu/are; gastroenteritis related to mfect.on by Campytobacfer/e;un/. intestinal protozoa 
related to infection by Cryptosporidium spp.: odontogenic .nfection related to infection by viridans 
streptococci: persistent cough related to infection by Bordetella pedussis:gas gangrene related to 
infection by Clostndium perinngensor Bacteroides so^ and atherosclerosis related to infection 
by Helicobacter pylorior Chlamydia pneumoniae Bacterial infections and protozoal infections and 
disorders related to such infections that may be treated or prevented in animals include the 
following: bovine respiratory disease related to infection by P haem.. P multocida. Mycoplasma 
tovis. or eordefa//a spp : cow entenc disease related to infection by E. colior protozoa (i.e.. 
coccidia.cryptospondia,etc):dairycowmastit,srelatedtoinfectionbySrap/.. aureus. Strep 



SUBSTITUTE SHEET (RULE 26) 



wo 98/01571 



16 



PCT/GB97/01810 



=PP. . sw,ne ,esp,ra,OT, <,«ease re,a.«, ,o .nfeCon by A ^uro , P or «,co«aa™a 

spp.: ^,ne emerio .Isease ,e,a,e<. ,o infection .y £ cc,, U^n,.„r.cemsr,s. Sa/™„a»a or 
S.r,uun, /„^,^„,a„aa: co» ,oo,ro, re,a,e<. » ,n,eaion by ^„a„6ac,an„™ spp.. cow me«s 
5 re,a.a. ,o ,n,ec,ion by £ co„: cow b*ry „a.s re,a,e. ,o ,„,ec,on by ..aobaca... „ecrop«o^. 
or Sac,ero,„as .o.oa.a. cow p«.ay, ,e,a,e. ,p ,„,^„„„ „,,^,„,^„,^ ^„ ^^^^^^^ 
abonion ra,a,eo ,o l„,ac,ion by protozoa (l.a. nao.porl„n„: „„na^ .rac, ,n,ec,lon In oogs an. ca,s 
rala,ec ,o intecon by E. co». s.ln an. so« «ssua ,n,ec„on, ,n ooga ano cars r«a,ad ,o ,„,ec,ion by 
S,ap« ap,«™„»s. S,ap. ,™.,™a<»„s. coa..,a^„e. Srap. orP m„„oc«a. and dama, or 
mourn ,n,ec„on3 ,n dogs and ca,a ra,a,ad,o i„,ac„on cy .«a».anaasp» aac,aro«aa sop 
aoa,r,*„.pp,, ^„,a,oPa=,arapp.. Eutsce,^^. Pe„os,re,^occus. Po„Uyr.^^, or 
Pr..o,e„. cner bacaria, ,n,ac,ions and protozoa, ,n,e=„ons and disorders reiatad to sucn 
■ntacons ,na, ™y be treated or prevented ,n accord w„n ,na .etnod c, tbe present .nvention are 
reterred to in J P. Santord at ai.. -r.e Santord Guide To AnticcroNa, Tnarapy.- .6.n Edition 
(An,i,.,crobiai Therapy, tnc. ,996). «■= atso be^.in, ,„creasing,y apparent tnat compounds o, 
tbis invention can have considarabie uuiity ,n tbe treatment o, disease states (e.g.. cancer AIDS 
and atherosclerosis, not normally associated with bactanal or protozoa, infections. 

Whan used " '^eat abaoterial in.ection or adisorder relatadto a bac,ar,a„n,ac.ion or 
canoer,namamn,al.suchasahun,an.ora,l*.orblrd.acompoundo.,ormulalor,ormula2can ' 
be administered atona or in ^ ,„rm o, a pharmaceutical compcs«on comphsing the compound 
a.d a pharmaceuticatly acceptable diluent or carrier Such compositions can be administared 
orally tor e«am,»e. as tablets or capsules, or parentarally which incudes subcutaneous and 
intramuscular ,n,eo,ion The compounds ot tormula , or,ormu« ^ may also be administered reCally 
such as through application ota suppo^tory ^^e pharmaceutically acceplab-e earner will depend 
on the intended mode o. admin.stration. For example, lactose, sodium citrate, and salts o, 
Phosphoric acd. together with disintegrating agents (such as starch, and lubncating 
as magnesium stearate. so<.um laurel sullata. and talc, can be used as the pnarmaceutically 



\ agents (such 
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glomerulonephritis related to infecfon by Streptococcus pyogenes. GroupsC andG streptococa, 
Clostnaium diptheriae. or Actinobacillus haemolyticum: respiratory tract infections related to 
infection by Mycoplasma pneumon,ae. Legionella pneumophila. Streptococcus pneumoniae. 
Haemophilus influenzae, or Chlamydia pneumoniae: uncomplicated skin and soft tissue infections, 
abscesses and osteomyelrtis. and puerperal fever related to infection by Staphylococcus aureus. 
coaguiase-positive staphylococci (..e . S epidermidis. S hemolyticus. etc.). Streptococcus 
pyogenes . Streptococcus agalact,ae. Streptococcal groups C-F (minute-colony streptococci), 
vindans streptococci. Corynebactenum minutissimum Clostndium spp., or Bartonella henselae: 
uncomplicated acute urinary tract infections related to Infection by Staphylococcus saprophyt.cus 
or Enterococcus spp. : urethntis and cervicitis, and sexually transmitted diseases related to 
infection by Chlamydm trachomatis. Haemophilus ducreyi. Treponema pallidum Ureaplasma 
urealyticum. or Neiserria gonorrheas: xo^^n diseases related to infection by S. aureus (food 
poisoning and Toxic shock syndrome), or Groups A. B, and C streptococci; ulcers related to 
infection by Helicobacter pylon: systemic febrile syndromes related to infection by Borrelia 
recurrentis: Lyme disease related to infection by BorreLa burgdorferi: comuncvms. keratitis, and 
dacrocystitis related to infection by Chlamydiatrachomatis. Neisseria gonorrhoeae. S. aureus. S. 
pneumoniae. S. pyogenes. H mtluenzae. or L,sfena spp. ; disseminated Mycobacterium a.ium 
complex (MAC) disease related to infection by MycQbadenum avium or Mycobacterium 
,nfrace//u/are;gastroentent.s related to infection by Campytobacfer/^uni; intestinal protozoa 
related to infection by Cryptosporidium spp.; odontogenic infection related to infection by viridans 
streptococci; persistent cough related to infection by Bordetella pertussis: gas gangrene related to 
infection by Clostridium perfnngensor Bacteroides spp.; and atherosclerosis related to infection 
by He*cot)acfer pytor,or Chlamydia pneumoniae Bacterial infections and protozoal infections and 
disorders related to such infections that may be treated or prevented in animals include the 
following: bovine respirato^^ disease related to infection by P. haem.. P multoada. Mycoplasma 
bovis. or Bordetella spp. ; cow enteric disease related to infection by E. co/,or protozoa (i.e . 
coccidia. Cryptosporidia, etc.); dairy cow mastitis related to infection by Staph, aureus. Strep. 
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utens. S,rep. ags^,^, s,rep. Cysgslacae. Kle^,,s,^,. Con.e..Cenum. o, gn,erococcus 
spp. : sw,„e raspratorv disease related ,o ,nfec.«,n bv A pleurc. . P ™«oc,<,a or Myco^sn,. 
SPP.. s»,ne en,e.= .,.ease re,a,ed ,o ,.,ec.,on E co, «a.e«a„. SaWe»a or 

Ser,u,>ns ,yo.yis,n,e.,e: cow ,oo,ro, re,a,ed ,o .,eo«o„ by F„«bac,er,.,„ spp ; cow ™«s 
5 related -c ,„,ec,,„„ bv E. co, cow balry wa.s related ,o inlection by P„sobac,e„,.. „ec,op„o,„„ 
or eac,ero„es „cdos..; cow p,„..a,e related to inlecon by «ora,e,« bow,; cow pre,„„„re 
abo«,or, related to ,«eCon by protozoa ,re neosporium,. unnary tract ,n,ec„on In bogs and cats 

S-ap. ep,« s,ap«, co.,u,.s.re, S,ap„ orP ™„oc«,a. and dental or 

. ™u,h ,n,ect,ons ,n bogsano cats related to Inlection by .,ca,„enes spp . Bac,ero«„spp 
aos,«„.spp.. ^n,..obac,erspp,. Eutacer^^, Pep,os,rep,ococc„s, Porp...o.onas or 
Pre.o,e«a. Other bacteria, ,nlect,ons and protozoa, ,n,ec„ons and disorders related to sucn 
■ntections ,na, may be treated or prevented ,n accoro „,in tbe .etbod o, tbe present ,„ven„on are 
reterred to ,n P Santord e, at. -Tbe Santord Guide To An„™c,obia, Tb.apy.- 2a,h Edit^o 
(Antin^croblairnerapy. Inc.. ,S96, » -Iso be=o.,„„ncreas,n„y apparent tbat compounds o, 
this .nvention can have considerable utility ,n the treatment o, disease states ,e g.. cancer aids 
anb atherosclerosis, no, normally associated with bacter,al or protozoal Inlections . 

When used to treat a bacterial intection or a disorder related to a bacterta, ln,ect,on or 

cancerl„amamma,.s„chasahuman.ora„sh,orblrd.acompoundo„ormulalbr,o,mulaacan 
be admln,stered ^one or In ^ torm o, a ph™t,cal composition cbmpnsing the compound 
andapharmaceutlcallyacceptabledlluentorcamer Such combo.tlons can be admi„,stered 
orally, lor exam^e. as tablets or capsules, or parenterally, which tncludes subcutanebus and 
intramuscular ,„^„on rhe compounds ot tormula lor, ormula J may also be adm.„,«ared reCally 
such as through appl^a„on o, a suppository The pharmaceut,cal,y acceptable earner will depend 
on ,he .ntendeo mode o. admln,s,rat,on Por example laaose. sod.um ctrate. and salts o, 
Phosphcr,c acd together „,th dl.ntegratlng agents (such as starch, and lubncating agents ,su=h 
asmagne.um^eara,e. sodium laurelsultate andtalccanbeused as the pharmaceut^ally 
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acceptable carrier in tablets. Also, tor use in capsules, useful pharmaceutically acceptable earners 
are lactose and high molecular weight polyethylene glycols (e.g., having molecular weights from 
2.000 to 4.000). For parenteral use. sterile solutions, or suspensions can be prepared wherein 
the pharmaceutically acceptable carrier is aqueous (e.g.. water, isotonic saline, or isotonic 
dextrose) or non-aqueous (e.g.. fatty oils of vegetable origin such as cottonseed or peanut oil. of 
polyois such as glycerol or propylene glycol). 

When used in vivo to treat a bacterial infection or orders related to a bacterial infection in a 
mammalian subject, or for treatment of various cancers in humans, (in particular non-small cell lung 
cancer) and other mammals such as dogs, either orally or parenterally. the usual daily dosage will be 
in the range from 0.1-100 mg/kg of body weight, especially 0,5-25 mg/kg of body weight, in single 
or divided doses. 

The phrase •'pharmaceuticaly acceptable salt(s)". asused herein, unless otherwise 
indicaed . includes sartsof acidicor basic groups which may be present in the compounds of the 
present invention. The compounds of the present inventon that aiB basic in nature are capableof 
forming a wide variety of salts with vanoushorganic aid organicacids llie acids that may be used to 
prepare pharmaceuticaJly acceptable acid additon saltsof such basic compounds of are those tha 
form non-toxic Kid additbn satts.i.e.. salts contain hg pham^aoologicallyacceptable anions, such as 
the hydrochloride, hydrobiomide, hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid 
phosphate, isoncotinale. acetate, bctate, salicylate. citrate, acid citrate, tartrate, pantothenate, 
bitanrate. ascorbate. succinate, maleate, gentisinate.fumarate.gluconate.glucaronSe, sacch^ate. 
fomiaie. benzol, glutamste, methanesulfonate. ethanesuHonale. benzenesulfonate, p- 
toluenesulfonateand pamo£te[i.e., i .i'-methytene-bis-(2-hydroxy-3-naphthoate)] salts 

Those compoundsof the present invention that are acidicin nature are capable of foming 
base salts with various pharmacologbally acceptable cations. Examples of ajch saltsinclude the 
alkalimetaloralkaline earth metal salt sand, particularty. thecalcium. magnesium, sodium and 
potassium saltsof the corrpounds of the present invention. 
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Certaii compounds oi the present invention mayhave asyrmietnc centers and therefore 
ex,st .n different enant.orT,enc and diastereomc forms. This invention reiaes to theuse of al optical 
isomers and stereoisomersof the compounds of the present invention, and mixtures thereof, and to 
all phamiaoeutical compostions and methods of treatmentthat may employ orcontain them: 

The present invention .ncUdes the compounds of the present invention, and the 
Pham.a:eutic^lyacceptabte salts thereof, wnere.n one or more hydrogen, cabon orother atoms ^e 
replaced by isotopes thereof Suchcompoundsmay be useful as research and diagnostic too Is ,n 
metabolism pharmacokinetic studies aid in binding assays 

Compounds Of the present nvention ^e produced by femientationofan untransformed or 
transfomied organism capable of producing erythromycins, including but not Imited to 
Sacchaopolyspoia species. Streptomycesgriseoplanus,Nocard.asp.. Micromonosporasp.. 
Arthobactersp..andStreptomycesanfb,oticusbutexcLdingS,coelicolor. Particubrty surt*Ie in 

this legardareuntransfoimed and t^sfom^edstrainsofSaccharopolysporaerythraeaforexampte 
NRRL 2338. 1 8643. 21 484. ParticularV preferred transfonned strainsare those ,n whichthe 
erythiomycin loading modute has been replied with the bading module from the avemiectin 

producer. Streptomycesavemirtilis.ortherapamycinproducer.Steptomyceshygroscopcus. The 
prefeired methodof produang compoundsof thecurrent hvention b by femientation of the 
appropriate orgaiism in the presenceof the appropnatecarboxylicacid of the fomiulaRlCOOH; 

wherenRiisaspreviousydef,nedinfom,ulaeior£.orasalt,estBr(particula,1ypre(erablebangthe 
N-acetylcysteamne thioester). oramide thereof oroxidaive precursorthereof . The a:.d or derivatn^e 
thereof is addedto the fermentation either atthe timeof inocuiaion or atinten/alsduring the 
fem^entation. P^oductionof the corrpounds of this inventK,n maybe monitored by removing 
samples from thefemientalion. extra:tlng with an organc solventand follo^Mng the appearance of 
the compounds Of this invention by chromatogr^hy. for example usng high pressure liquid 
Chromatography Incubation is contnued until the yield of the compound of fomiulae 1 or 2 has 
been maximised . generallyfor a pemd of 4 to 1 0 days A preferred level of each addition of the 
carboxyiic acid or denva„ve thereof ,s between 0.05 and 4 0 g/L. The best yields of the compounds 
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acceptable carrier in tablets. Also, (or use in capsules, useful pharmaceutically acceptable carriers 
are lactose and high molecular weight polyethylene glycols (e.g.. having molecular weights from 
2.000 to 4.000). For parenteral use. stehle solutions, or suspensions can be prepared wherein 
the pharmaceutically acceptable earner is aqueous (e.g.. water, isotonic saline, or isotonic 

5 dextrose) or non-aqueous (e.g., fatty oils of vegetable origin such as cottonseed or peanut oil, of 
polyols such as glycerol or propylene glycol). 

When used in vivo to treat a bacterial infection or orders related to a bacterial infection in a 
mammalian subject, or for treatment of various cancers in humans, (in particular non-small cell lung 
cancer) and other mammals such as dogs, either orally or parenterally, the usual daily dosage will be 

10 in the range from 0. 1 -100 mg/kg of body weight, especially 0.5-25 mg/kg of body weight, in single 
or divided doses. 

The phrase "phaimaceuticaly acceptable salt(s)". as used herein, unless otherwise 
indicaed. includes sartsofacidicor basic groups which maybe present inthecompoundsof the 
present invention. The compounds of the present inventbn that are basic in nature are capableof 

15 forming a wide variety of salts with various norganic aid organic acids The acids thai may be used to 
prepare phannaceutically acceptable acid addition saltsof such basic compounds of are those tha 
fomi non-toxic a:id additbn salts, i.e. . salts containhg pham^acologicallyacceptabte anions, such as 
the hydrochloride, hydrobiomide. hydroiodide. nitrate, sulfate, bsulfate. phosphate, acid 
phosphate, isoncotinate.a=etale. bctate, salicylate, citrate, acid citrate, tartrate, pantothenate, 

20 bitanrate. ascorbate. succinate, mdeate. gentisinate. fumarate. gluconate, giucaronde. sacchaate. 
formate, benzoate.glutamde. methanesutfonale, ethanesulfonate. benzenesutfonate, p- 
toluenesulfonateand pamoste [i.e.. 1 . f-methytene-bis-CS-hydroxy^-naphthoae)] salts 

Those compoundsof the present invention that are acidicin nature are capable of forming 
base salts with various pharmacologcally acceptable cations. Examplesof ajch saitsincludethe 

25 alkalimetai oralkaline earth metalsalts and. particulariy. thecalcium. magnesium, sodium and 
potassium saltsof the corrpoundsofthe present invention. 
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Certar compounds of the present inventbn may have asyrmietric centers and therefore 
ex,st.n d,fferent enantiomenc and d.astereomc forms. This invenfon re«.tes to theuse of al optical 
isomers and stereoisomersof thecorrpoundsofthe present ^vention. and mixtures the^of. and to 
aJf pharmaceutical compos^ons and methods of treatmentthat mayemploy orcontan them: 
^ The present .nventlon .ncUdes the compounds of the present invention, and the 

Pham,a:eutlc^iyacceptabte s^ts thereof, wherein one ormore hydrogen, cabon orother atoms ^e 
replaced by .sotopes thereof Such compoundsmay be useful as research anddiagnostictools ,n 
metabofism phamiacokinetic studies aid in binding assays 

compounds of the present nvenfon are produced by fem^entation of an untransformed or 
transfomied orgaiism capable of producing erythromycins, including but not Imited.to 
Sacchaopolysporaspeces. Streptom>cesgriseoplanus. Nocardiasp.. Micromonosporasp.. 
Arthobactersp..andStreptomycesantiP,ot,cusbutexcLdingS,coelicclorPart.cubrt^ 

this regard areuntransfo,medandt,ansfom,edstrainsofSaccharopoiysporaerythraea.forexampte 
NRRL 2338. 18643. 21484. ParticularV preferred transformed stransare those ,n whichthe 
eryth,omycin loading modufe has been replaced with the bading module from the avemiedin 
producer, Streptomycesavemiitilis.orthe rapamycin producer. Streptomyceshygioscopcus. The 
pref eired methodof produang compounds of thecurrent hvent.on b by femientation otthe 

appnopnateorgaiisminthepresenceoftheappropnatecarboxylicacidofthefomiulaRlCOOH. 
wheren R1 is asprev,ousVdef,ned',n fomiul* lor^. orasalt. ester (particulaly preferable bang the 
N-acetylcysteamne thioester). or ande thereof or oxid^ive precursorthereof The a:,d orderivative 
thereof Is addedto the femienration either atthe timeof inocul^ion oratinten^alsdurtng the 
fermentation ProductK^nof the corrpoundsofth.sinventbn maybe monitored by removing 
samples from the femientation extracting with an organc solventa^d follov«ng the appearance of 
the compoundsofthisinvention by*romatogr^hy. forexample usng high pressure ik^id 
chromaography '"cubatlon is contnued untilthe yieidof the compound of tomiulae ior2 has 
been maximised, generally for a perpd of 4 to 1 0 days A prefened level of each addition of the 
carboxyi-c acid or denvaove thereof is between 0.05 and 4.0 g/L. The best yields of the compounds 
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Figure 1 1 is a diagram showing the construction of plasmid pC-ATi2 
Figure 1 2 is a diagram showrng the construction of plasmid pCJR49. 



10 



^ Petailed Descnpfinn nf invxo^tfnn 

The Wide range of starter units accepted by the avr loading module has been 
comprehensively established in previous stud.es (for example European Patent Applications 0 
214 731. 0 350 187. 0 317 148 which are .hcorporated nere.n ,n their entirety) Consequently 
Should be understood that the invention Is not limited to the specific detail of tnese examples and .hey 
s.mply serve to confirm the effectiveness of the ^ loading module Fu.hermore the examp.es 

using theplGlorp.D30constructc,ear,y demonstrate the capab..yofthe act, promoter and Its 
cognate activator gene act,..orf4 to ehance the expression o. the novel compounds of this 
mvention when lin.ed to the ^ loading module. It ,s also apparent from the examples that 

untransfornedstrainsofSaccharopo,ysporaerythraeaarea.soread„ycapab,eofta.ngup 
exogenously-supplied substrates to generate novel e^hromyc.n po.yKetides. Consequently ,t is 
a-so apparent to those skilled in the art that specific novel compounds of tn.s invention can be 
readily produced by selection of the appropnate eiythromycin producing strain (opt.onaify 
■ncorporating the p,Gl or pND30 plasmid into the desired strain), and supplement.ng the 
fermentation with the appropriate starter unit. Thus, 6-deoxyerythromycin and 6.12- 
dideoxyerythromycin derivatives of the present invention can be read.ly produced using 
Saccharopolyspora erythraea NRRL 18643 or MRRL 21484 as indicated in U.S. 5.141.926 and 
WO 97/06266. Similarly, use of the Saccharopolyspora erythraea strains described by Weber et al 
-n J. Bacterio... 164:425-433, 1 991 can also be employed to obtain the des.red novel analogues of 
the present invenfon. For example, strain UW24 can be used (optionally transformed by pIGl or 
PND30) to obtain novei analogues of erythronodde B 

UV spectra were recorded using a Hewlett-Packard 1090M diode-array 
spectrophotometer All NMR spectra were measured in CDCia by a Varian Unity 500 MH. 
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spectrometer unless otherwise indicated and peak positions are expressed in parts per million 
(ppm) downfield from tetramethysilane. The peak shapes are denoted as follows: s. singlet: d. 
doublet: t. triplet; q. quartet: m. muftiplet: br. broad. The atom' number shown in the NMR 
structures ts not representative of standard nomenclature/but correlates NMR data to that 
5 particular example. HPLC-MS data was acquired using a Hewlett-Packard 1090M liquid 

cnromatograph Interfaced to a VG Platform II mass spectrometer equipped with an ARC! source 
(method A) or using a Hewlett-Packard 1050 liquid chromatograph interfaced to a VG Platform II 
mass spectrometer equipped with an APCI source (method B and method C). 

10 HPLC method A : 

Column Beckman Ultrasphere 5 ODS 4 mm x 25 cm 

Flow 0 85mL/min 

Mobile pnase Gradient: acetonitnle:0.05 M ammonium acetate (28:72) 

to acetonitrile O.OS M ammonium acetate (50:50) over 22 
J 3 minutes, maintain acetonitrtle:0.05 M ammonium acetate 

(50:50) 22-25 minutes: return to initial conditions 2S-30 
minutes. 



HPLC method B : 

Column MetaChem Inertsil 5 ^m C8 3 mm x 1 50 mm 

Flow O.SmLymin 

Mobile phase Isocratic: methanol:0.05 M ammonium acetate with 0. 1 % 

trifluoroacetic acid (60:40) 



25 HPLC method C : 

Column Waters Symmetry 5^m C 1 8 2 . 1 mm x 1 50 mm 
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f^tow 0.22mL/min 

Mobile phase Gradient: acetonitrile.0.05 M ammonium acetate (30:70) 

to acetonitrile:0.05 M ammonium acetate (50:50) over 30 
minutes. 

Use is made of the following media and solutions: 
Sucrose-SiJcrinfltA n^f\r^^ Mir"iTr 

sucrose 

KNO3 10 g 



69 g 



succinic acid 2.36 g 

•<H2P04 2.7 g 

MgS04.7H20 1.2 g 

^"Clg 10 mg 

MnCl2.4H20 6.2 g 

CUCI2.2H2O 0.53 mg 

CoClg 0.55 mg 

FeSO4.7H20 2.5 mg 

Caa2.2H20 as mg 

milli-Q water to 1 0 L 

to pH 6-6 4 

Tap water m>^i. ,p 



glucose 

tryptone 5 g 

yeast extract 2.5 g 

^OTA 36 mg 



5g 
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spectrometer unless otherwise indicated and peak positions are expressed in parts per million 
(ppm) downfield from tetramethystlane. The peak shapes are denoted as follows: s. singlet: d. 
doublet: t, triplet: q. quartet: m. multiplet: br, broad. The atom number shown in the NMR 
structures is not representative of standard nomenclature, but correlates NMR data to that 
particular example. HPLC-MS data was acquired using a Hewlett-Packard 1090M liquid 
chromatograph interfaced to a VG Platform II mass spectrometer equipped with an APCI source 
(method A) or using a Hewlett-Packard 1050 liquid chromatograph interfaced to a VG Platform I 
mass spectrometer equipped with an APCI source (method B and method C). 



HPLC method A : 

Column Beckman Ultrasphere5MmODS4mmx25cm 

Flow 0 85mL7min 

Mobile phase Gradient: acetonitrile;0.05 M ammonium acetate (28:72) 

to acetonitrile O.OS M ammonium acetate (50:50) over 22 
minutes, maintain acetonitrile:0.05 M ammonium acetate 
(50:50) 22-25 minutes: return to initial conditions 2S-<30 
minutes. 



HPLC method B : 

Column MetaChem Inertsil 5 ^m C8 3 mm x 1 50 mm 

Flow O.SmUmin 

Mobile phase tsocratic: methanol.O.OS M ammonium acetate with 0.1% 

trifluoroacetic acid (60:40) 

HPLC method C : 

Column Waters Symmetry 5fim C 1 8 2 . 1 mm x 1 50 mm 
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•^'ow 0.22mL/m(n 

Mobile phase CBradient: acetonitrile.O.OS M ammonium acetate (30:70) 

to acetonitri»e:0.05 M ammonium acetate (50:50) over 30 
minutes. 



Use is made of the following media and solutions: 

SucrOSe-SiincinatB nfff^r^ ^ Medinm 



sucrose 

KNO, 



69 g 

'3 10 g 



succinic acid 2.36 g 

*<H2P04 2.7 g 

MgS04.7M2O 1 2 g 

^"^'2 10 mg 

MnCl2.4H20 6.2 g 

CUCI2.2H2O 0.53 mg 

^°^'2 0.55 mg 

FeSO4.7H20 2.5 mg 

Caa2.2H20 ag mg 

milli-Q water to 1.0 L 

to pH 6-6 4 



Tap watftrm«^njr|, 

glucose 
tryptone 
yeast extract 
EDTA 



5g 

5g 
2.5 g 
36 mg 
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tap water to 1.0 L 

KOH topH7.1 



ERY-P medium 

dextrose 50g/L 

Nutnsoy'^'Hour 30g/L 

(NH4)2S04 3g/L 

NaCt 5g/L 

CaCOa 6g/L 
pH adjusted to 7.0 

Nutrrsoy^^ flour is purchased from British Arkady Group. Skerton Road. 
Manchester. UK. 

. The present invention ts illustrated by the following examples. 
Example 1a - Construction of Plasmid dIG1 

Piasmid plGl consists of an SCP2*-derived plasmid containing a hybrid Type I PKS gene 
comprising the avr loading module in place ot the ery loading module, the first two extension 
modules of the ery PKS and the thioesterase of the ery PKS. This is constructed via several 
intermediate ptasmids as follows (Figure 3). 

(i) Construction of Plasmid DVE3.4 
Plasmid pVE1446 which contains a portion ot the avermectin (avr) PKS genes was obtained from 
E. coli strain ATCC 68250 (MacNeil. D J. et al. Ann. N. Y Acad. Sci (1994) 721:123-132). Plasmid 
PVE1446 was digested with BamHl and the 7.6 kbp fragment between coordinates 32.15 and 
3.40(MacfMeil. D. J etal. Ann.N Y Acad. Sci. (1994) 721:123-132) was purified by gei 
electrophoresis and recirculansed The mixture contained the desired plasmid pVE3.4 which was 
isolated after transformation of E. coli strain TGIrecO (constructed by Dr. P Oliver. Dept. of 
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Genetics. U. Cambridge; Koiodner. R ef a( J Bacteriol (1985) 163 1060-1066: T Gibson, Ph D 
Thesis. U. Cambridge. 1 985. 

(") Construclio n of Dla.«jmid oNCOlg 
Plasmid PBK25 (Bevitt. D. J. et al. Eur. J. Biochem. (1992) 204:39-49) was digested with Ncol and 
the 12 kbp fragment was end-repaired and ligated into plasmid pUClS which had been linearised 
with Smal. The ligation mixture was transformed into E. coli TG l recO and individual colonies were 
checked for their ptasmid content The desired p/asmid pNCOi2 was identified by its restriction 
pattern. 

OiPConstructinn Pia| smid nCRahr 
Plasmid pCRabc (Figure 3) was constructed as follows Three separate PCR reactions were 
conducted. First. 20 pmol each of synthetic oligonucleotides Al (5'-CTCGTCGGTGGCTTT 
GCG-3') and A2 (5'-CCC GGG AAA AAC GAA GAC TAG TGG CGC GGA CGG CCG-3') were used to 
amplrfy a 1.0 kbp product from 100 ng pNCOl2 template The PGR product was end-repa.red. 
phosphorylated and cloned into Smal^ut pUCIS to obtain plasmid pCRa Secondly. 20 pmol each 
of synthetic oligonucleotides Cl (5'-CACGCGCAGCGCGGCGGA.3') and C2 (5'-CGAACCGCTA 
GCGGTCGTCGCGATGGCCT.3') were used to amplify a 1.5 kbp product from 100 ng pNC012 
temolate. The product was end-repaired, phosphorylated and cloned into Smal -cut pUCiS to 
obtain plasmid pCRc. Thirdly. 20 pmol each of synthetic oligonucleotides B1 
(5'-GTGGCCCGGCCGTCCGCGCCACTAGTCTTCGTrrn--3-) and B2 (5'-AAC 
AGCTAGCGGTTCGTCCGCCGCTGCCGTGCC-3') were used to amplify a 1 4 kbp product from 100 
ng PVE3.4 template. The product was end-repaired, phosphorylated and cloned into Smal-cut 
pUCie to obtain plasmid pCRb. 

Plasmid PCRa was digested with Hindlll and Spel and the l 0 kbp insert was ligated with 
plasmid pCRb previously digested with HindlH and Spel. to obtain plasmid pCRab Plasmid pCRc 
was digested with Nhel and EcoRl and the 1.5 kbp insert was ligated with plasmid pGRab 
previously digested with Nhel and EcoRl to obtain plasmid pCRabc 
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tap water to 1.0 L 

KOH to pH 7 1 



ERY-P medium 

s dextrose 

Nutnsoy^^ flour 
(NH4)2S04 
NaCl 
CaC03 

1(1 pH adjusted to 7.0 

Nutrtsoy^^ flour is purchased from British Arkady Group. Skerton Road. 
Manchester, UK 

15 The present invention is illustrated by the following examples. 

Example 1a - Construction of Plasmid dIG1 

Plasmid pIGl consists of an SCP2*-denved plasmid containing a hybn'd Type I PKS gene 
comprising the avr loading module in place of the ery loadmg module, the first two extension 
modules of the ery PKS and the thioesterase of the ery PKS. This is constructed via several 

20 intermediate plasmids as follows (Figure 3). 

ri) Construction of Plasmid DVE3.4 
Plasmid pVE1446 which contains a portion of the avermectin (avr) PKS genes was obtained from 
E. coli strain ATCC 68250 (MacNeil. D J. et al. Ann N. Y. Acad. Set (1994) 721:123-132). Plasmid 
pVEl446 was digested with BamHl and the 7.6 kbp fragment between coordinates 32.15 and* 

25 3.40 (MacNeil. D J etal. Ann. N Y Acad. Sci. (1994) 721:123-132) was purified by gel 

electrophoresis and recircuiansed The mixture contained the desired plasmid pVE3.4 which was 
isolated after transformation of E. coli strain TGIrecO (constructed by Dr. P Oliver. Dept. of 



50g/L 
30g/L 
3g/L 
5g/L 
6 g/L 
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Genetics. U. Cambridge; Kolodner. R. et at J Bactenol. (1985) 163 1060-1066: T Gibson. Ph.D. 

Thesis. U. Cambridge. 1985. 

(ii) Constructifpn nf p<p> smid p NCOi? 
Plasm-d PBK25 (Bevitt. D. J. et al. Eur. J. Biochem. (1992) 204:39-49) was digested with Ncol and 
the 12 kbp fragment was end-repaired and ligated into plasmid pUCl8 which had been l.nearised 
with Smal. The ligation mixture was transformed into E. coli TG 1 recO and individual colonies were 
Checked for their plasmid content The desired plasmid pNCOl2 was identified by its restriction 
pattern. 

(iiOConstmctinn nf Pig|e rnid oCRafy g 
Plasmid pCflabc (Figure 3) was constructed as follows Three separate PGR reactions were 
conducted First 20 pmol each of synthetic oligonucleotides At (5--CTCGTCGGTGGCTTT 
G0G-3-) and A2 (5'-CCC GGG AAA A AC GAA GAG TAG TGG CGG GG A GGG GGG-3') were used to 
amplrfy a 1.0 kbp product from 100 ng pNCOl 2 template The PGR product was end-repaired. 
phosphorylated and cloned mto SmalK:ut pUC18 to obtain plasmid pGRa. Secondly. 20 pmol each 
Of synthetic oligonucleotides Cl (5'-CAC GCGCAG GGG GGG GGA-3') and G2 (5'-GGAA GGG GTA 
GCGGTCGTGGGGATGGCCT-3;) were used to amplify a 15 kbp product from 100 ng pNG012 
template. The product was end-repaired, phosphorylated and cloned into Smal-cut pUGl8 to 
obtain plasmid pCRc. Thirdly, 20 pmol each of synthetic oligonucleotides 81 
(5'-GTGGCCCGGGGGTCCGCGCCACTAGTCTTCGTTnT-3') and 82 (5'-AAC 
AGGTAGCGGTTCGTCCGCCGCTGCCGTGCC-3-) were used to amplify a 1 4 kbp product from 100 
ng PVE3.4 template. The product was end-repaired, phosphorylated and cloned mto Smal<:ut 
PUG18 to obtain plasmid pCRb. 

Plasmid pCRa was digested with Hindlll and Spel and the 1 0 kbp insert was ligated with 
plasmid pGRb previously digested with Hindlll and Spel. to obtain plasmid pCRab. Plasmid pGRc 
was digested with Nhel and EcoRl and the l .5 kbp ,nsen was (igated with plasmid pCRab 
previously digested with Mhel and EcoRI to obtain plasmid pGRabc 
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(iv,)r»ngfr^irti Qn nf Plaf rmi/i pNFWAVETE 
Plasmid pCRabc was digested with Mfel and Sfil and the DNA fragment containing the loading 
doma-n of the avr PKS was punfied by gel electrophoresis and ligated w.th plasmid pNTEP2 which 
had been digested with Mfel and Sfil and the larger fragment purified by gel electrophoresis. The 
ligation mi)cture was transformed into E. coli TG1 recO and individual colonies were checked for 
the-r plasmid content. The desired plasmid pNEWAVETE (13.7 kbp) was identified by .ts 

resthction pattern, 

(v^ Constructinn nf Plas mid pRM52 
Plasmid pRM52 is a derivative of plasmid pRM5 (McDaniel. R. et al. Science. (1993) 
262:1546-1550). pflMS was first lineansed by digestion with Ndel. end-repaired and then 
reiigated to produce pRM51 . pRM51 was cut with Pad and Nsil and the large Pacl-Nsil fragment 
was isolated and ligated to a short double-stranded oligonucleotide linker containing an Ndel site 
and constructed from the synthetic oligonucleotides S'-TAAGGAGGACACATATGCA-S' and 
5'-TAATTCCTCCTGTGTAT-3' which were annealed together. The ligation mixture was 
transformed into E. coli TGlrecO and isolated colonies were screened for their plasmid content. 
The desired plasmid (1 9.6 kbp) was identified by its restriction map and was designated pRM52. 

(ui^rinnctr^if^tj^n of Plasmid dIG1 
Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by 
sedimentation on a sucrose gradient. The purified insert was ligated into plasmid pRM52 (19.6 
kbp) Which had been digested with Ndel and Xbal. and the vector purified by sedimentation on a 
sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies were 
checked for their plasmid content. The desired plasmid pIGl was identified by its restriction 
pattern 

Pxample lb - Construcr inn r>1 Plasmid pND30 

Plasmid pND30 consists of an SCP2-KJerived plasmid containing a hybrid Type I PKS 
gene comprising the avr loading module in place of the ery loading module, the first two extension 
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-no<,.es o, ,ne ^ PKS an» ,.e ,.,oes«ras. c, ,„e PKS T.,s ,s consTucad «a severs, 
intermedtate plasmids as follows (Figure 4). 

O Qppftmim n( Ihe Rppn„,K,n„, . ,„^,. ^^^ ^^ ^ ^ 
PORIO, ,.„ure 4, Is a s.u„,e plasma conslrucec ,c .a use. lor expres.on o, PKS genes ,„ 
aCI„o.vce,es. ,„„c,u.es a ColE, ^epl^n ,o allow ,„o ,e.lca,e ,n E. coli, an SCPa- 
nu..erS.rep,o.,cesrep„con,a.5.M,.an.Hop„co..o A . Gen Mlcrop,ol 0^1, 
-6:4.r, ano .r.e ac,l|.o.4 acvafor gene Iron, ,ne ac, cluster „n,cn ac,.a,e. ,ranscnp„on ,ro. .e 
ac proper ounng ,ne ,rans,„on Iron, growrh ^ase ,o suironary pnase ,„ ..e vege,a„ve 
".yoeliun, „ is consrruole. as follows, an appro^malely S70 .p OHA ,ra,.en. ,ro. pMPlo.s 
" (con,a,n,n, ,ne aci, „n4 acvafor gene, .PernanPe^-Moreno M A e, a, Cell (IS., . ss.a..ao, ,s 
amplKle. p, PCP, using as pr„ers ,ne syninelio p„gonuCeo,,Pas. 5 -ACT AGT CCA CTG CCT 

CTCCaTAAAATCCACCa a„»S.CTTAAGAaGGGCTCCAC0GCG^CACGGAC-3- wnion 
al- iniropuces „an.ng Spe, an. All,, res,n=„on s,es, Tnis Irag.en, ,s cloneP ,nfo ,ne enp- 
repalrep Aa„l sl,e p, p,asn„p pUCg fo ,efo ^asn„p pa,«,s An a„pro.,™,e,v 2,5 Pp ONA 

-ragmen, ,sa.p,„leP,rp,npMV400„n,c„cpn,a,ns.ne..p,reo«pnalprp,„p,erpa,rPao„ll.ac,„ 
(Parro. V et a(. Nucl. Acids Res (1991) 19 pro-j oro7\ 

uyyi) 19.2623-2627). using as primers the synthetic 

O^Pn^ep,,.es..ACArrCTCrACOCCrAAOrGrTCCCCTCCCTGCCTC.3.anPS-.GTGA.O 
TATGCTCATATGTGrcCTCCTTAATTAArCGATGCGTrCGTCCGGTG-a-.wniCalso 

..e p,asn,lp p<^p,s pre.pus,v cu, „„n an. Ami. ,c generafo pia^.p pc.« „ a , , .pp 
^*np.spni,rag.en.cp„,al„,ng.ne,srgene.„n,cncpn,ersres,s,anpefo«^^^^^^^ 

-ro. ,as.,p p,^,, ,,,„,3,e. O . e. al. Gene ,,^5, 35..3.335, as using as 

Pnn,ers,n.«lg„„uc,eo.oes5-.TGAACACCAAGC^GCCAGAGAGCGACGACTTCCCC-3- 
-S-GACAGArrGCArGCCC^CGAGGAGTGCCCGCCCGG-3-wnicnalspln,rpPuces 

«asn,« pa;« IS .u. „„n H,n<„l, an. Spn, fo oPl^n plas.1. pc...4. Tne ^asmi. pi.s3a Is 
.^s,e. „„n Ban,H, an. Ss„ an. ,ne Irag^en, oon,a,n,ng a pp„,pn p, ,ne ,an„„v „cu3 an. .ne 
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fiw)ronQ«r| irtinn of Plap mifl nNEWAVETE 
Piasmid pCRabc was digested with Mfel and Sfil and the DNA fragment containing the loading 
domain of the avr PKS was punfied by gel electrophoresis and ligated w.th piasmid pNTEP2 which 
had been digested with Mfel and Sfil and the larger fragment purified by gel electrophoresis. The 
ligation mixture was transformed into E. coli TGI recO and individual colonies were checked for 
the-r piasmid content. The desired piasmid pNEWAVETE (13.7 kbp) was -dentified by its 

restriction pattern. 

rv^ nonstructinn of Piasm id dRM52 
Piasmid pFlM52 is a derivative of piasmid pRM5 (McDaniel. R. et al. Science, (1993) 
252: 1 546-1550). pRM5 was first linearised by digestion with Ndel. end-repaired and then 
religated to produce pRM5l . pRMSI was cut with Pad and NsH and the large Pacl-Nsil fragment 
was isolated and ligated to a short double-stranded oligonucleotide linker containing an Ndel site 
and constructed from the synthetic oligonucleotides S'-TAAGGAGGACACATATGCA-S" and 
5'-TAATTCCTCCTGTGTAT-3' which were annealed together. The ligation mixture was 
transformed into E. coli TGIrecO and isolated colonies were screened for their piasmid content. 
The desired piasmid (19.6 kbp) was identified by its restriction map and was designated pRM52. 

(vi) Construction of Piasm id pIGI 
Piasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by 
sedimentation on a sucrose gradient. The purified insert was ligated into piasmid pRM52 (1 9.6 
kbp) which had been digested with Ndel and Xbal, and the vector purified by sedimentation on a 
sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies were 
checked for their piasmid content. The desired piasmid plG1 was identified by its restriction 
pattern. 

Fxamole lb ■ Constructi on of Piasmid dND30 

Piasmid PND30 consists of an SCP2- derived piasmid containing a hybrid Type 1 PKS 
gene comprising the avr loading module in place of the ery loading module, the first two extension 
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module, o, ,he e., PKS an. me ,htoes,erase o, me e^ PKS rh,s ,s =ons„ucte<. v,a several 
cntermeoiate plasmas as follows (Figure 4). 

PC.« ,0, ,R,ure 4, ,s a s.u„,e plasma cons,ruc,e. ,o Pe used lor expres^on o, PKS genes In 
5 acnon^vceles IlinauPes a Col6, repl«n ,o allow i„o replicale ,n Eooll. an SCPa- low cop, 
numPerS,rep,om,cesrep„con,«pp.„..,andHopwcod,. A . Gen MIcroPio, (,981, 
126:4.7, and me aclLon^ aclivaior gene Irom ine ac, clusler w... ac„va,es ,ran^,p,.on Irom ,ne 
ac. prcn^oler during ,ne ,rans,„o„ from growm pnase .0 s,a.,onary phase ,n ma veg«a,ive 
mvoelium I, ,s conslruced as lollows: an approximate,, 970 bp ONA Iragmen, irom pMP,o, 5 
■ <c-.„,ng me acil od4 acvalor gene, <Pernande..Moreno, M. . e, al. Cell „99„ 66:769-730, ,s 
ampl„ied by PCR, using as primers me synmetio oligonucleoiaas 5 -ACT AGT CCA CTG OCT 

CTCGGTAAAATCCA0C.3 and5-.C^AAGAaGOGCTCCACCGCG^CACGGAC.3- wHion 
also inlroduces ,lan.,„g Spal and Alll, resrncon s«es Tnis Iragmen, ,s cloned ,n,o ma end- 

repaired Aalll si.e o, plasmid pUCig ,o .eld plasmid pCRia An approximately 2,6 bp DNA 

-agmen, Is amp,.ed Irom pMV40O whicn co„«,„s me b,.d,rec,ional promorar pair PaclllrPacI, 

(Parrc. V. e, a, Nucl. AcdsRes ,199,, .9:2623-2627,. using as pnmers me synme«c 

o.lgonuc,=o,ldes5.ACATTCTCTACGCCTAAGTGTTCCCCTCCCrGCCTC.3-and5-.GTGATG 
TATGCTCATATGTGTCCTCCTTAATTAATCG^TGCG^CGTCCGGTG-3'..n^also 
~s „an.ng Nde, and Aim sKea. The PCP produc, is digested „,m Ndal and Atlll and ligated 
me Plasma pa;R,a pre^u^y cut „.m ,«el and Atlll. to generate pla^,d pCR ,9 A , , .bp 
«ndl,l spn, tragment combing me tsr gene, wnich conters realstanoe to m^strepton. ,s obtained 
by PCR trom ^asmid py922 (Lydlate. O. et at Gene ,,985, 35:223-235, as tem,»ate. using as 
pnmers the oligonucleotides 5 .TGA ACA CCA AGC TTG CCA GAG AGC GAC GAC TTC CCC 3' 
and5-.GACAGA,TGCA7GCCC^CGAGGAGTGCCCGCCCGG.3wn,cnalsoi„troduces 

Plasma potfl.s cut wim Hindlll and Spni to obtain plasma pc;i„24 The plasma pU922 ,s 
digested .,m SamH, and SstI and the Iragmen, containing a poaK,n o, me temlity Iccus and the 
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origin of replication (Lydiate. D J. et al. Gene (1985) 35:223-235) is ligated into pUCl9 digested 
with BamHi and SstI to generate the bifunctjonal piasmid pCJR16 (14.7 kbp). Plasmid pCJR24 is 
digested with Sail and SphI, the two larger fragments from the digest are purified by gel 
electrophoresis, and combined in a four-component ligation with plasmid pCJRIS which has been 

5 digested with Xhol and Sph! The ligation mixture is used to transform Streptomyces lividans and 
colonies are selected in the presence of thiostrepton. One such colony is shown to contain the 
desired plasmid pCJRiOl (approx. 12 4 Kbp), identified by its restriction pattern 

(\\\ Construction of Piasmid dCJR29 
The construction of plasmid pCJn29 is illustrated in Figure 4, A 1 .1 kbp Hindlll-Xhol fragment 

1 o containing the tsr gene, which confers resistance to thiostrepton. is obtained by PGR from plasmid 
plJ922 as template, using as primers the oligonucleotides 5-TG A ACA CCA AGC TTG CCA GAG 
AGC GAC GAC TTC CCC-S' and 5'-GAC AG A TTC TCG AGC CTT CGA GGA GTG CCC GCC CGG-S" 
which also introduces flanking Hindlll and Xhol sites. The PGR product is digested with Hindlll and 
Xhol and ligated with plasmid pCJRl 6 which has been digested with Hindlll and Xhol. to generate 

15 plasmid pCJR25 Plasmid pCJR25 is digested with Hindlll and SphI and ligated with plasmid 

pCJRi9 which has been digested with Hindlll and SphI, to produce the desired plasmid pCJR29 
(approx. 12.4 kbp). identified by its restriction pattern. Plasmid pCJR29 differs from pCJRiOl in 
the onentation of the tsr gene, the actll-ort4 gene and the actl/actlll promoter, with respect to the 
SCP2* -derived origin of replication 

20 (iii) Construction of Plasmid dND30 

Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by 
sedimentation on a sucrose gradient The purified insert was ligated into plasmid pCJR29 (approx. 
1 2.4 kbp) which had been digested with Ndel and Xbal, and the vector purified by sedimentation 
on a sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies 

25 were checked tor their plasmid content. The desired plasmid pNDSO was identified by its 
restriction pattern. 
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Example lc ■ Cnnstructinn p.^^^^.^ ,^,0^. 

Plasmid PM06 (Rgure 8) wasfirst constructed .n several steps 
(ilConstriirtipn pi nsmid nMm 

The approximate,, , 3 ONA seg^an, „, e^A, ,e„e o, S, erynreea .p. 
5 'nuc,ep„.e,9«,onuc,eo,«e3273o.e,VAUDo„a«,o s e. a,.. Sconce ,199,, 252 675-679, 
was ampllliep by PGR emptoymg as p,„e,s syn.ne„c o,«onuc,eo„aes. 5' ^AT OCT CGA Get 
CTC CTG GGA AGT.3- anp S'^AA CCC TOO CCA GGG AAG ACG AAG ACGG-O'. an. p,as„„ci 
PNTEP2 as a,e.^a,e. The PCR procup, was en..,epa.ed an» „ga,ep w„h p,as.« puce *,ch 
had been Nneansed by p,ges,ibn w,,h Sma, ana.nen ,rea,ep „,m a*a,lne phosphatase The ' 
K. „sa,.on ™x,u,e was used ,o .ans,o,n, E.coll TO , ,ecO and ,nd,„,dua, co^nles were checKed ,o. 
me,r plas^ld comen, The de^,ed p,asn„d pMO, ,3.9 kbp,, ,„ „n,n ,ne S,u, s„e ^r.e„„a ,he 
.nsen ,s adjacen, ,p ,he H,nd,„ si,e ,n ,he po,y,ln.e,, was ,den„„ed by .,s restncon pa„ern 
01) Construction nf pipcmiH p^^o 

The approximately 0.65 Kbp ONA segment o, ,he rapA ,ene o, Streptomyces hygroscopicus 
15 emending ,rom „.o,eo,«,e ,643 ,o nucleotide =486 o- rapA. was amplified by PCR employtng as 
primers the tollowing oUgonucleotides: S -TTC CCTGGC CAG 003 TCG CAG CGTG-a' and 5X:Ac 
CTA GGA CCG CGG ACC ACT CGA C.3.. and the ONA .om ,he recombinant bacteriophage , 6 
(Schwec.e. T. e,a,.. Proc. Na,,. Acad. Sci. USA ,,9951 92.7639.7843, as the template PCR 
product was end-repaired and llgated with plasmid pUC,6. which had been llneansed by digestion 
^0 wi.h Sma, and then treated wl», aLallne p^sphatase. The ,lga.pn mixture was used ,o .ans,om, 
E. 00,1 TG, reoO and WIvMual colonies were checked ,o, thel, plasmid comen,. The desired 
Plasma PM02 (3.5 kbp) was Identified by its restriotton panern 
(Mi)Constmf;:tjpn rs4 p}r^^,rn\ff PMQTi 

The approximate,, , 7 kbp DNA segment p, ,be eryA, gene o, S ervthraea extending „om 
:5 nuceotlde 4,26 to nucleotide 5926 c, eiyAl. „as ampliiied by PCR emplo.ng as pnmers the 
synthetic o,lgo„„c,eot«,es: 5-.rGG CCA GGG AGT CGG TGC ACC TAG GCA-r and 5 <BCC GAC 
AGCGAC TCGA0GCCGAGTT.3-. and plasmid pNTEP2 as template. The PCR product was end- 
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■ origin of replication (Lydiate. D. J. et al. Gene (1985) 35:223-235) is ligated into pUC19 digested 
with BamHI and SstI to generate the bifunctional plasmid pCJR16 (14 7 kbp). Plasmid pCJR24 is 
digested with Sail and Sphl. (he two larger fragments from the digest are purified by gel 
electrophoresis, and combined in a four-component ligation with plasmid pCJRl6 which has been 

5 digested wrth Xhol and Sphf The ligation mixture is used to transform Streptomyces lividans and 
colonies are selected in the presence of thiostrepton. One such colony is shown to contain the 
desired plasmid pCJR101 (aporox 12 4 kbp). identified by its restriction pattern. 

fii) Construction of Plasmid oCJR29 
The construction of plasmid pCJR29 is illustrated in Figure 4. A 1.1 kbp Hindlll-Xhol fragment 

\o containing the tsr gene, which confers resistance to thiostrepton. is obtained by PGR from pfasmid 
plJ922 as template, using as pnmers the oligonucleotides 5'-TGA ACA CCA AGC TTG CCA GAG 
AGC G AC GAC TTC CCC-3' and 5 -GAC AG A TTC TCG AGC CTT CG A GG A GTG CCC GCC CGG-3 ' 
which also introduces flanking Hindlll and Xho! sites. The PGR product is digested with Hindlil and 
Xhol and ligated with plasmid pCJRi6 which has been digested with Hindlll and Xhol. to generate 

15 plasmid pCXJR25. Plasmid pCJR25 is digested with Hindlll and Sphl and ligated with plasmid 

pCJR 19 which has been digested with Hindlll and Sphl. to produce the desired plasmid pCJR29 
(approx. 12.4 kbp). identified by its restnction pattern. Plasmid pCJR29 differs from pCJRiOl in 
the orientation of the tsr gene, the actll-ort4 gene and the actl/actid promoter, with respect to the 
SCP2*-derived origin of replication 

20 riii^ Construction of Plasmid dNDSO 

Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by 
sedimentation on a sucrose gradient. The punfied insert was ligated into plasmid pCJR29 (approx. 
1 2.4 kbp) which had been digested with Ndel and Xbal. and the vector punfied by sedimentation 
on a sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies 

25 were checked for their plasmid content. The desired plasmid pNDSO was identified by its 
restriction pattern. 
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Example ic • Consfnif^tinr, pi ^smirt pr, ir9« 

Plasmid PM05 (Figure 8) was first constructed m several steps 
n)Constri]rtir)n of plf^cp^frt pn^n^ 

r.e approximates , 3 KPp DNA sag.an, c, ,he gene o, s erytnraea extending „on, 
5 nucecce ,948 ,0 nuCeotiae 3273 o. e,vA, ,Donaa,o, S e. a,,. Saence „99„ 252 675-679, 
was ampMled (,y PCR employing as primers syn>ne„c c,i,on„<:,eo„Ces. 5' <;aT GCT CGA GCT 

CTCCTGGGAAGT.3ana5.<:AACCCTQGCCAGGGAAGACGAAGACGG.3,andp,asm,a 
PNrEP2asa,am„,e, The PCR pro<,„c,»as end-repaire. an. „ga,ea piasm,. puca *icn 
had been i.neansed Py digestion »,h Smai and then treated with a,Ka«„e phosphatase The 
.0 ligation mixture was used to transform E col, TO , recO and individual colonies were checed ,or 
.he,r plasmid content The desired plasmid pMO, ,3 9 .hp,, ,„ „h„h the Stu, site hordering the 
insert IS adjacent to the Hindltl site in the polyiin.er. was identitied Py „s restriction panern 

Constnirfrnn pf piasm.H p^/ino 

The approximately as5 XPp ONA segment o, the rapA gene o, streptomyces hygroscopicus 
.5 extending trom nucleotide 1643 to nucleotide 2486 ot rapA. was ampllfed Py PCR employ.ng as 
primers the tollowing ol^onucleotides: S -^CCCTO^CAG GGG TCG CAG CGTG.3'and 5X:aC 
CTA GGA CCG OGG ACC ACT CGA C.3.. andthe DNA Irom the recomPinant Pacteriophage >.., E 
(Schwece. T. eta,.. Prop, Nat, Acad, Sc, USA (,995, 93:7839.78*3, as.he template PCR 
product waa end-repaired and tigated with ,«asmid puC,8. which had Peen linearised hy digestion 
with smal and then treated „* alkaline p^sphatase. The ligation mixture was used to translo,™ 
E. coll TG, recO and Indiyidua, colonies were checked tor their piasmid content. The desired 
Plasmid PM02 (3,5 kbp, was identified by its restriction pattern 

(iillCon.'anir^ipn nl pinrnTi" rlM"^ 
The approximately , 7 kbp ONA segment o, the eryAI gene o, S erythraea extending ,rom 
huceotide 4,28 lo nucleotide 5928 o, e^AI. was amplitied by PCR em„oy,„g as primers the 
synthetic Oligonucleotides: S'.TGG CCA GGG AGT CGG TGC ACC TAG GCA-3- and 5-.GCC GAC 
AGO GAG TCG ACG CCG AGTT.3.. and ptasmid pNTEP2 as lemplate The PCR txopuct was end- 



20 
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repaired and ligated with plasmid pUCi 8, which had been linearised by digestion with Smal and 
then treated with alkaline phosphatase. The ligation mixture was used to transform E. coli TG1 
recO and individual colonies were checked for their plasmid content. The desired plasmid pM03 
(4.4 kbp). in which Ball and Avril sites are adjacent to the Hindlli site of the polylinker. was identified 

by Its restriction pattern. 

(iv^ ponstructip n r>f plasmid dM04 
Plasmid pMOl was digested with Hindlli and Ball and the 1 ,3 kbp insert was ligated with plasmid 
PM03 which had been digested with Hindlli and Ball. The ligation mixture was used to transform E. 
coli TGI recO and individual colonies were checked for their plasmid content. The desired plasmid 
pM04 (5 6 kbp) was identified by its restriction pattern. 

(v) rnn.qtriirtionof Plasm id dM05 

Plasmid pM04 was digested with StuI and the 3,0 kbp insert was ligated with plasmid pNTEPa 
which had been digested with Stul and punfied by gel electrophoresis to remove the 3.8 kbp 
insert. The ligation mixture was transformed into E.coli TGI recO and individual colonies were 
checked lor their plasmid content The plasmid pM05 (12.8 kbp) was identified by its restriction 
pattern 

(vi) Construction of Plasm id pMOS 

Plasmid pM02 was digested with Ball and Avrll and the insert was ligated with plasmid pM05 which 
had been digested with Ball and Avrll. The ligation mixture was used to transform E.coli TG1 recO 
and individual colonies were checked for their plasmid content. The desired plasmid pM06 (1 3.5 
kbp) was identified by its restriction pattern. 

(vii^ nnnstrijRtion of pl asmid dCJR26 
Plasmid PCJR26 is an SCP2* based plasmid containing a PKS gene comprising the ery loading 
module, the first and second extension modules of the ery PKS and the ery chain-terminating 
thioesterase. except that the DNA segment encoding the methylmalonyl-CoA:ACP 
acyitransferase within the first extension module has been specifically substituted by the DNA 
encodina the malonv<-CoA:ACP acyitransferase of module 2 of the rap PKS It was constructed as 
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P-as... pOR^a was used ,o ,rans,p™ s e^hraea .Ca p™,op,as,s. T.,„s,rep,or. 
^es.s,an, co..es sa,ec,a. p. p.r.o ..p.. pp„,a,p,p, ,o p, ,.p3„,p,p„ 3,^, 

"ybnp,sat,pn p, „eir genpm,P DHA w„h CCaballed OEBS1 -TE gane 

A *pe a„ ,„,eg,a,ep cpp, p, pc.„.e was grown ,„ SSM .e.lp„, pp„,^„,„, , 
o. ,n.s,.p,p„ an. a„pweg ,p g,p„ ^a.a. Pavs a, .3-30^ .,3 .3 p,p,„ „as ,i„.,p 
.0 ra™.e n,vPa„a app .e pH wasa*3,ap ,p p„ 3 T.a p.p,. was e^raced ,w,Pe »p 
volumes p, e^, a=e,a,a and ,na cp.^ped a.. aca,a,a a«.ac,s wa,e washed „„p an apua, 
vo,p„,a p, sa,u.a,ad so^.. pp,p,«a, dnad pva, an^vdrpps spd,u. su„a,e, and ,Pe e,nv, ace,a,e 

^=»n ,p ba ,as. 3R. 5R,-2..e,ny,-3.5.dinvdrP.y.„..a«a„o. acd .-,aP,pna and 3R 
mathy|.3.5-dlhvdroxv.n.heptano,c acid A -laptpne: 



OH 




OH 




^'-^-^g^P^^-JRPB and it^^ i .c^ . q proriiir tinn r>f 
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repaired and ligated with plasm.d pUCi 8. which had been linearised by digestion with Smal and 
then treated with alkaline phosphatase. The ligation mixture was used to transform E. coll TGI 
recO and individual colonies were checked for their plasmid content. The desired plasmid pM03 
(4.4 kbp), in which Ball and Avrll sites are adjacent to the Hindlll site of the polylinker, was identified 

by Its restriction pattern. 

(iv/)( pnn?;trMr-tion of Dias mid dI\/104 
Plasmid pMOl was digested with Hindlll and Ball and the 1 .3 kbp insert was ligated with plasmid 
pMOS Which had been digested with Hindlll and Ball. The ligation mixture was used to transform E. 
col. TGI recO and individual colonies were checked for their ptasmid content. The desired plasmid 
pM04 (5 6 kbp) was identified by its restriction pattern. 

/vin ^n-qtmclion of plas mid pM05 
Plasmid pM04 was digested with StuI and the 3.0 kbp insert was ligated with plasmid pNTEP2 
which had been digested with StuI and purified by gel electrophoresis to remove the 3.8 kbp 
insert. The ligation mixture was transformed into E.coli TGI recO and individual colonies were 
checked lor their plasmid content The plasmid pM05 (12.8 kbp) was identified by its restriction 
pattern. 

(vi) Hnnstruction nf niasmid dM06 

Plasmid pM02 was digested with Ball and Avrll and the insert was ligated with plasmid pM05 which 
had been digested with Ball and AvrlL The ligation mixture was used to transform E.coli TGI recO 
and individual colonies were checked for their plasmid content. The desired plasmid pM06 (1 3.5 
kbp) was identified by its restrictbn pattern. 

( vii ) Construction of niasmi d dCJR26 

Plasmid pCJR26 is an SCP2- based plasmid containing a PKS gene comprising the ery loading 
module, the first and second extension modules of the ery PKS and the ery chain-terminating 
ihioesterase. except that the DNA segment encoding the methylmalonyl-CoA:ACP 
acyitransferase within the first extension module has been specifically substituted by the DNA 
encodina the malonyl-CoAiACP acyitransferase of module 2 of the rap PKS It was coristructed as 
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."e„p,as..co™., -e...p,as™..c...„as.en.e...„3.s,«.„.an.„ 

Bas.,. pOB.a was usa. ,o .a„a,c™ s a^.^aaa .c. pro,op,as,s. T.,pa,.ep,<=.. 
~ cp,o„,e. we.e ..ec,e, p„ «.r.o .... co„,a,n., ,o „, ,.p3,.p,p„ 3ev.a, 

c nes„ ,e3,.,„,„ap.3.pac,pC.a..e.a,.,„,o,.c._^ 
hybn1sa„on o. ,heir ganomic DNA „i,„ DIG-,abe»ea DEBSLTE gene 

A cone w„n an ,n.eg,a,a. cop, „, pc.n.s was g,o„n ,„ SSM .a.,.™. co„,a,n,„g 5 
c. .n,os,.p,on anp aWo <o g,o„ ,0. seven oa,. a, .e.sox .«e. .,s „.e ,ne .0. was „„e,e» 
.0 remove n,^e„a an« ,.e pH wasa^s.e. ,0 pH 3 Tne .,o,n was extrace. ,w.e w„. ,wo 
vc.u.es o, a., ace., an. ,ne co.p,„e. e.. ace.a.e e«.ac,s w.e wasbe. w„„ an eg.a, 
v*.e o, sa-u^e. so.„„ cn,onPe, »ne. over.an„v.ro„s so.u. su„a,e. ano ,ne e,nv, ace,a,e 

Shown ,0 be ,3S. sa S«,...„e,nv,-3.5-„nv«rox,-„.nexano,c ac,d Mactone an« ,as 3R SR,-. 
m«hyl.3.5.dihydroxy-n.heptanoic aad 6 -laclone 




OH 




example le - 0,n.t,, | ^ „p - ■ - eryihr n-. N,pn| paaa-.f- 



SUBSTITUTE SHEET (RULE 26) 



wo 98/01571 



PCT/GB97/0I810 



31 



Approximately 5 mg pCJR49 DNA was used to transform S erythraea NRRL2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAI to give a novel macrolide biosynthetic pathway. 
5 Further integrations had occurred to give repeated plasmid sequences. S erythraea NRRL 2338 
/pCJR49 was inoculated into tryptic soy broth containing 5mg/ml thiostrepton and incubated at 
SO^'C for three days. 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5mg/ mL thiostrepton in 5 x 2 L flasks each containing SOOmL medium 
with 2 springs to aid dispersion and snaKen at 300 rpm. After a further 5 days of growth the 
1(1 cultures were centrifuged and the pH of the supernatant adjusted to pH 9. The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC/MS and two macrolides were identified as the 
erythromycin analogues 



15 



HO, 




OH 



NMe2 



OH 



Example if - Construction of olasmid oC-ATX 



20 



Plasmid pC-ATX is an SCP2* based plasmid containing a PKS gene comprising the ery 



loading module, the first and second extension modules of the ery pkS and the erv chain- 
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acv..a„s,.ase 

enco.„.,..a,o...Co.:ACPao..a„..ase.o.ap.aWe,v.e,PKS.e„ec.3.e,c,o„. 
.0. S.ep,on„,ces cinna.onan.a .TCC ,45,3 ,p,o.uce, o, ,ne po„e,.. po„.e,«e 

. ™ns„s,n,. '-«'asco„s,.c,edv:aseve,a„„,er.e.,a,ep,as.,.sas,o„o„s,P„..e ,0, 
(I) isolation of /-^cyrnifi p^nr fn- 

Genom,c (.brary of Streptomyces dnnamonensis ATCC 14513 (,he mon.n 

v-v. I HO I J (ine monensin producer) was 

— ...o.3,..ac,,o„e.3S-«.pSa.3..a,.e„.sp,c.™^^^^^^^ 
Ba.H,.„nea.eo a„. a.a.„a p.osp.a,asa. ,.a,ea cosn,,. .Co, pwe, S, ... .... 

-as pac.a,« .„,o ..payees u.„, o.apa. pac.a„„, ..,acs a„. „ana,ec,e. ,„,o . co« 
"M,*e .pp,p„.a,e,v 600 p, ,„e „p,a. on „a ..aoe p, a„Wop 

n,e™,ana a„o ,p«, „as aoss„„.aP ,o ,.e .e™,a„e Pv uv ,„ao,a„o„ T.e 
n|a..a„a was .Papuan,, p... ^o,..,, p....^,, ,„3^ ^^^^^^^ 

. e.e,o.vP,.asepp.a,n .p. .pp..,., ^,33 „a.aPe„ep p.,a„pp. ,„ ^^.^^^^^ 

o. P-MTP a„p paep as a prppe ,p, CN. „v-,p,sa«p„ 

.n ..OxSSC pu«e, anp suPsepuan., „as.ep on ,0, a, ee^ ,„ 0 exSSC Pu„e. rp,ea ..s,„.e 
conas „e.e ,sp,a,ep. 0.. 0, ,Pe ,„sans p, a„ ,.ea .opaa »as en. s„ ra anp T, 
Pn^n, s„as p.sen, ,n ,Pa vec,p, pWE,5 . ,a„on Pp.p,p,p„3 ,0 ,vpa , .e,psvn,Pa3e anp 
P.a^ny,.Cp..cP aP,*ans,arasa Pp.a,ns was P,™ .„ ,„e OMA sapuanca „p. .n. T7 
Pn^n, .a p.„, .one . ,na.ap pSCO., as a ,e.p,a,a. Pa.a, ON. sappan*, p, p,a,on.. 
COA .CP acv,„a„a,P,asa Pp.ain ,„an,ep .rx) ,evaa,ap an pnpspa, seppance p,p« ,„ .p. 
Pu.a.,va spps.,a,e .aa.„,„o„ pa„ „, .a Pp.a,n „p,cP was s.Ps,an„a„v c^aren, p,a„p„,, 
-escnpep ,.a,pna,a. p. n,a.Pvl.a,o„aa.spaci,. Co. ACP acv»rans,a,asas (HayPpoK S r a, a, 
FEBS (1995) 374 246-248) 

(") Cgnstrpctinn n1 plasmid nMn-^a 
T.a app,p.„a,a,y O S Kpp on. sa..an, p, .Pa ..x pp„a,p was a„p,„ep p, pcp a„p.,„, 3s 
,P.pw,„. o,„o„„..p,„e3 -=T0CCC.0a0C0C0C..r.0CC0.3C.T.3.a„p 
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Approximately 5 mg pCJR49 DNA was used to transform S erythraea NRRL2338 
protoplasts to give a strain in which the piasmid is integrated into the chromosome From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
piasmid has integrated in module 2 of EryAI to give a novel macrolide biosynthetic pathway. 
5 Further integrations had occurred to give repeated piasmid sequences.. S er/thraea NRRL 2338 
/pCJR49 was inoculated into trypttc soy broth containing 5mg/mi thiostrepton and incubated at 
30°C for three days. 100 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5mg/ mL thiostrepton in 5 x 2 L flasks each containing SOOmL medium 
with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the 
1 ( i cultures were centnfuged and the pH of the supernatant adjusted to pH 9 The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC/MS and two macrolides were identified as the 
erythromycin analogues 

15 




Example i f - Construction of piasmid oC-ATX 
20 Piasmid pC-ATX is an SCP2' based piasmid containing a PKS gene comprising the ery 

loading module, the first and second extension modules of the ery PKS and the erv chain- 
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ac..-ans,.a.e ^^^^ ^ 

S,.p,o.vces c,„„a.„nens. .rco M5,3 ,p,o.uc« o, poVe.er po,v.e,.e 

(I) igplgti on of coamiri ^ g'^'^fO^■ 
Oe™,.,c „.a^ 0, S„ep,o..ces .„„a.one„.s ATCC »s,3 

~e.,...a.ac.,o„e.3S.«.pSau3,,_p,._^^ 
Ba.HM,naan=«, an. a«„e p.p»„a,asa. „ea.e. cos.,, ..o. pwH,= r., 
was pacKa^e, ,n,o .pannes o.apa« pac.a.„. e.,ac,s a. ..„s,ec,a. ,„,o . 
N.,*e .pp..,™,a, soo co,o„,as o, .a „p,a^ wa. ,ro„„ on ,ne su.aca o, anv,on 
-.P,ana, ,vse» an. ,„e„ ONA was cross„n.e. ,o ,na n,e™.ane o, uv ,„ao,a.,on Tne 
™^.rane „as s.seo„en,. „se. ,o, .e so,ee„,„, p,ooe..e r.e .nse. o, p„oe .on,p„s,n. 
ee,os.n,nasa.o.a,n.on,.o.,a.o,oeBS„as,aPa,,.p..an^ 
''--anPuse.asap.oPa,o,ON.n.p„„sa„o„ Tne p.oPa was n.p„.s«„o, ,ana,Se^ 
.n .OXSSC Pu«e, ano suPs«,uen„v „asne. o« ,o. ,n a, as. ,„ o SxSSC Pu«er Tn.aa ^s,..a 

conas ,so,a,e.. ON. o, sans o, a„ ,.e= cones was en. se,.enca. .o. T3 ano rr 

p™,n. s„as .asen, ,„ ,na veo,o. pWE, 5 . ..on no.o,o,ous ,o ,v„e , .e,osvn,nase an. 
™a.n..Co.:ACPaov.ans,e.asa.on,a,nswas._,„,ne DNA sequence ... ,ne T. 
.n^n, .a „.n, Cona . <nan,e. pSCNC, as a ,a.p,a,e. Pan,a, ON. sa.ue„o,n. o, ,na „a,on.. 

aov,.ans,a,ase.„.a,„ ,na.e. .r., ,evaa,a. an „n„s.a, sequence .o«nn ,ne 
Pu.a..e s.ps.,a,e ,eco,n,„on pa. o, .ne .o.a,n wn,cn was s„.s,an„a,. .,„e.n, p.«„s. 
.escnpa. ™,ona,a. o, n,e,n„„a,ona,a.spac,„c Co. ACP acv.ans,a.asas ,Hav.o., s . a, a, 
Fees (1995) 374 246-248) 

(ii)ConstniMinn r.i pinsmid nMC-xa 

T.a app,o».a,e. O S .p on. saon,an, o, ,ne ATX .o.a,n was a.p,„a. p, PC. e™p..„, as 
Pn-ne,s,ne ,o„ow,n, o,.onuo,eo„.as -CTOOCC.3acc.COC«.OOCCO.OC...3.an. 
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S-CCC TAG GAG TCG CCG GCA GTC CAG CGC GGC GCC C-3' using the DN A from the cosmid 
pSCIN02 as the template. The PGR product was end-repaired and Itgated with plasmid pUC18. 
which had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to transform E coli TGI recO and individual colonies were checked for 
their plasmid content The desired plasmid pM038 (3 5 kbp) was identified by its restriction 
pattern 

(iii) Construction of plasmid dM034 
Plasmid pM034 is a derivative of pM06 with a polycloning site inserted after the stop codon of the 
inserled D1-AT2 gene Plasmid pM06 was digested with EcoRI and Hindi!! and annealed with two 
oligonucleotides forming the double-stranded region of the polycloning site 5'-AAT TCA TAA 
CTA GTA GGA GGT CTG GCC ATC TAG A-3' and 5 -TCG AAG ATC TAG CGG TCT GG A GGA TGA 
TCA ATA C-3' The mixture was ligated and transformed into E coh TGI recO Individual colonies 
were checked for their plasmid content. The desired plasmid pfV1034 (13.5 kbp) was identified by 
Its restnction pattern. 

Construction of plasmid dM035 
Plasmid pM035 is a derivative of pM034 containing TKLS-AT2 gene and a translatlonally coupled 
crotonyl-CoA-reductase gene from Streptomyces cotlinus (Wallace et al.. E. J. Biochem (1995) 
233: 954-962). The crotonyl-CoA-reductase gene was excised from the plasmid pZYB3 (the gift of 
Prof. K. Reynolds) as an Ndel - BamHf fragment, which was treated with mung bean nuclease to 
produce blunt ends and ligated into pM034 previously cut with Spel and likewise blunt-ended 
using mung bean nuclease. The ligation mixture was used to transform E. coli TG1 recO and 
individual colonies were checked for their plasmid content The desired plasmid pM035 (14.2 
kbp). with the correct ohentation of the crotonyf-CoA-ketoreductase gene, was identified by its 
restnction pattern. 

(V) Construction of plasmid dM036 
Plasmid pM038 was digested with Ball and Avrll and the insert was ligated with plasmid pt\/!035 
which had been diaested with Ball and Avrll The liaation mixture was used to transform F roli TGI 
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recO and ,nd.v*dua. co.on.es were checked for. their plasm.d content. The desired piasmid pM036 
(13 5 kbp) was identified by its restriction pattern 
(VI) Confifnifftir. p of niasmin pr. ATY 

Plasm.d PM036 was digested with Ndel and Xbal and the .nsert was ligated with piasm.d pCJR29, 
wh,ch had been digested with Nde, and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed .nto E.coli TG1 recO and individual colon.es were checked for their 
piasmid content The desired piasmid pC-ATX was identified by its restnct.on pattern 

=xamp.g in ■ Con^tnirfipngf S ^ryfhr.e. .irp/nn-.Tv p,„^„.,„„ 

Plasm,d pC-ATX was used to transform S.erythraea JC2 protoplasts. Thiostrepton 
resistant colonies were selected on R2T20 medium containing io ;.g/ml of thiostrepton. Several 
Clones were tested for presence of pC-ATX integrated into the chromosome by Southern blot 
hybridisation of their genom.c DN A with DIG-labeiled DNA encoding the DEBS 1 -TE gene. 

A Clone With an integrated copy of pC-ATX was grown ,n SSM medium, conta.n.ng 5;y9/ml 
of thiostrepton. and allowed to grow for seven days at 28-30^. After this t,me the broth was 
filtered to remove mycelia and the pH adjusted to pH 3. The broth was extracted twice with two 
volumes of ethyl acetate and the combined ethy, acetate extracts were washed with an equal 
volume Of saturated sodium chlonde. dned over anhydrous sodium sulfate, and the ethyl acetate 
was removed under reduced pressure, to give about 500 mg of crude product. The products 
Characterised by gas chromatography, mass spectrometry and Nf^R. and were shown to be (2S 
3R. 4S. 5R)-2-methyl-4-ethy(-3,5-dihydroxy-n-hexanoic acid d-lactone and (2S. 3R. 4S. 5R)-2- 
methyl-4-ethyl-3.5-dihydroxy.n-heptanoic acid ft-lactone 



were 
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5'-CCC TAG GAG TCG CCG GCA GTC CAG CGC GGC GCC C-3' using the DN A from the cosmid 
pSCiN02 as the template. The PGR product was end-repaired and (igated with plasmid DLIC18. 
which had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to translorm E coli TGI recO and individual colonies were checked for 
therr piasmid content The desired plasmid pM038 (3 5 kbp) was identified by its restriction 
pattern 

(iii) Construction of plasmid pM034 

Plasmid oM034 is a derivative of pM06 with a polycloning site inserted after the stop codon of the 
inserted D1 -AT2 gene Plasmid pM06 was digested with EcoRi and Hindill and annealed with two 
oligonucleotides forming the double-stranded region of the polycloning site 5'- A AT TCA TAA 
CT A GTA GGA GGT CTG GCC ATC TAG A-3' and 5'-TCG AAG ATC TAG CGG TCT GG A GGA TG A 
TCA ATA C-3' The mixture was tigated and transformed into E coli TGI recO Individual colonies 
were checked for their plasmid content. The desired plasmid pf^034 (13.5 kbp) was identified by 
its restnction pattern. 

(iv) Construction of plasmid dMQ35 

Plasmid pM035 is a derivative of pM034 containing TKLS-AT2 gene and a transiationally coupled 
crotonyf-CoA-reductase gene from Streptomycescothnus (Wallace et al.. E. J. Biochem (1995) 
233: 954-962). The crotonyl-CoA-reductase gene was excised from the plasmid pZYB3 (the gift of 
Prof. K. Reynolds) as an Ndel - BamHf fragment, which was treated with mung bean nuclease to 
produce blunt ends and llgated into pM034 previously cut with Spef and likewise blunt-ended 
using mung bean nuclease. The ligation mixture was used to transform E. coli TG1 recO and 
individual colonies were checked for their plasmid content The desired plasmid pM035 (14.2 
kbp). with the correct onentation of the crotonyl-CoA-ketoreductase gene, was identified by its 
restriction pattern. 

(v) Construction of plasmid dM036 

Plasmid pM038 was digested with Ball and AvrM and the insert was ligated with plasmid pM035 
which had been diaested with Ball and Avrll The liaation mixture was used to transform F r.nU TG1 
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recO and -ndividua. co.on.es were checked fon their plasmld cor^ten, The des.red plasmid pM036 
(13 5 kbp) was identified by its restriction pattern 

Plasmid PM036 was digested with Nde. and Xba. and the .nsert was .igated w.th p,a^.d pCJR29 
Which had been digested w,th Nde, and Xba. and purified by gel electrophoresis. The ligation 
mixture was transformed .nto E.coli TG1 recO and individual colonies were checked for their 
Plasmid content The desired plasmid pC-ATX was identified by rts restriction pattern 

^"^^'^ CQnstrij(7tion pf g erythraea JC2/nC-ATX ann p m ^ucttnn nf tkl dfinv^ ttvoe 
Plasmid PC-ATX was used to transform S.erythraea JC2 protoplasts. Thiostrepton 
resistant colonies were selected on R2T20 medium containing 10 ,g/m, of thiostrepton. Several 
Cones were tested for presence of pC-ATX integrated into the chromosome by Southern blot 
hybridisation of their genomic ONA with D(G-labelled ONA encoding the DEBSI -TE gene. 

A Clone with an integrated copy of pC-ATX was grown in SSM medium, containing 5;.g/ml 
Of thiostrepton. and allowed to grow for seven days at 28-30°C. After this time the broth was 
filtered to remove myce.ia and the pH adjusted to pH 3. The broth was extracted twice with two 
volumes of ethy, acetate and the combined ethyl acetate extracts were washed with an equal 
volume Of saturated sodium chloride, dned over anhydrous sodium sulfate, and the ethy, acetate 
was removed under reduced pressure, to give about 500 mg of crude product. The products were 
Characterised by gas chromatography, mass spectrometry and NMR. and were shown to be (2S. 
3R. 4S. 5R)-2-methyl-4-ethy,-3.5-dihydroxy-n-hexanoic acid 6-lactone and (23. 3R. 4S. 5R)-2- 
methyl-4-ethy,-3.5-dihydroxy-n-heptanoic acid fi-lactone 
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Example 1h - Construction of S ervthraea NRRL 2 338/dC-ATX and its uge in production of 14- 
membered macrolides 

Approximately 5mg pC-ATX DNA was used to transform S. erythraea NRRL 2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAI to give a novel macrolide biosyntnetic pathway. 
Funher integrations had occurred to give repeated plasmid sequences. S erythraea NRRL 2338 
/pC-ATX was inoculated into tryptic soy broth containing 5 mg/mL thiostrepion and incubated at 
30°C for three days. 100 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5 mg/mL thiostrepton in 5 x 2 L fiasks each containing 500 mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm After a further 5 days of growth the 
cultures were centnfuged and the pH of the supernatant adjusted to pH 9 The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrolide products were identified 
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Example li . C nnstnrrtion of p \^<,rr^iH pn.Aj^n 

Plasmid pC.AT,2 ,s an SCPr ^ p,a..i<, comaining a PKS gana compn.ng me e,v 
loading n,ccule. .he «rs, and second extension modules o. .he en, PKS and ,he ery cna,n. 
-> .e™,na,lng ,n,oes«raae. excep, .ha, ,he DNA segmen, encoding ,he n,e.h„.alony|.CoA ACP 
acv,.rans,erase „,h,n me second ex,en«on module has Oeen spac„lca„v subs.,.u.ed dy ,he OH. 
encoding .he n,a,onv.-CoA:ACP ac^,rans,erase o, module a o, ,he ,ap PKS ,. was cons.ruced via 
several intermediate plasmids as follows (Figure 1 1 ) 
(OQpnstrufitinn nf ni^gmiH pK>|r^oc; 

The appro.n,a.ely , ,0 Khp DNA segmen. o, .he e^A, gene o, S e^h.aea ax.endlng Uor. 
nuclecide 6696 .o nuCeCde 7707 o, eryAI (Donadio S e. a, . Science „99„ 252 675.679, 
was ampMed by PCR employing as pnmers syn>he.,c oligonucleolides: S'-GGCGGGTCCGGA 

GGTG^CACCGAGTT.3and5-ACCTTGGCCAGGGAAGACaAACACTGA.3..andp,asm,d 
PNTEP2 as a.em^ate. The PCR product was end-epaired and ,iga.ed wl.h p,asn,id pUC, B which 
had been linearised by digesfion „l,h Sma, and .hen treated with alKaline phosphatase The 
ligation mixuire was used .o .ranslorm E.coli TGtrecO and individual colonies were checed ,or 
.he,r ptasmid con.en.. The desired ptasmid p„025 ,3,6 Kbp, in wh.h the Stu, si.e bordering .ha 
inser, ,s adiacen, ,o .he Hindlil si.e in me polylin.er. was ident,ied by its restrfction panern 

Congtruottnn of nla-^m.^ p**'^?^ 
The approx,ma.aly 0.6 Kbp DNA sagmen, o, me eiyAI gane o. S. erythraea extending tron, 
nudeotide 8660 to nuc,ao«de 9258 CeryAl. wasampiitied by PCR employing as primers me 
synmetic Oligonucecides. S -TCCTAGGCCGGGCCGGACTGGTCGACCTGCCGGGTT-a^ and 
5 -AAACACCGCGAOCTGGTCCTCCGAGC-3', and plasmid pNTEP2 as .empia.e The PCR 
Produc, was end-repaired and iigatad wim plasmio puc,8, wh,cn had been „„ea„sed by digeslion 
wim smal and .hen .reared w,m alK«ne phospha«se. The «ga„„„ mixiure was used to transtorm 
E. coll TG treco and individual colonies were checed ,or meir piasmid comen. The desired 
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Example 1h - Construction of S ervthraea NRRL 2 33e/DC-ATX and its use in production of 14- 
membered macrolides 

Approximately 5mg pC-ATX DNA was used to transform S. erythraea NRRL 2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAI to give a novel macrolide biosyntnetic pathway. 
Further integrations had occurred to give repeated plasmid sequences S erythraea NRRL 2338 
/pC-ATX was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and incubated at 
30°C for three days. 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5 mg/mL thiostrepton in 5 x 2 L flasks each containing 500 mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm After a further 5 days of growth the 
cultures were centnfuged and the pH of the supernatant adjusted to pH 9 The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrolide products were identrfied 
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Example 1i - Constn^r^tin^ pf nlasn^irt pr-^Tto 

Plasmid PC-AT12 is an SCP2' based plasm.d containing a PKS gene compnsing the ery 
loading module, the first and second extens.cn modules of the ery PKS and the ery chain- 
te.minat.ng thioesterase, except that the DMA segment encoding the methy,malony,-CoA:ACP 
acyltransferase within the second extens,cn module has been specfica.ly substrtuted by the Dr.A 
encod.ng the n.a,ony,-CoA:ACP acyltransferase of module 2 of the rap PKS. It was constructed vi. 
several intermediate piasmids as follows (Figure 1 1 ) 

(i)Constnfntion nf'nlf^gm id dMOP*; 
The approximately l o Kbp DNA segment of the eryA, gene of S e^hraea extending from 
nucleotide 6696 to nucleotide 7707 of eryAI (Donadio S at a, . Science (199t ) 252. 675-679) 
was amplified by PGR employing as pnmers synthetic oligonucleotides: S'-GGCGGGTCCGGA 

GGTGTTCACCGAGTT-3and5'-ACCTTGGCCAGGGAAGACGAACACTGA-3-.andplasm.d 
PNTEP2 as a template. The PCR product was end-repaired and ligated with piasmid pUCl 8. which 
had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
..gation mixture was used to transform E.co.i TGlrecO and individual colonies were checked for 
their plasmid content. The desired plasmid pM025 (3.6 Kbp). ,n which the Stu, site bordering the 
.nsert is adjacent to the Hindlll site in the poiylinker. was identffied by its restriction pattern. 

('i)gonstrunfiQn nf n[p<^r"fr' p**^;?p 
The approximately 0.6 kbp DNA segment of the eryA. gene of S. erythraea extending from 
nucleotide 8660 to nucleotide 9258 of eryA,, was amplified by PGR employing as pnmers the 
synthetic oligonucleotides. 5--TCCTAGGCCGGGCCGGACTGGTGGACCTGCCGGGTT-3' and 
5•-AAACACCGCGACCTGGTCGTGCGAGG-3■,andp.asmidp^^EP2astemplate ThePCR 
product was end-repaired and ligated with plasm.d pUGl8. which had been l.oeansed by digestion 
With Sma. and then treated with alkaline phosphatase. The .igatidn mixture was used to transform 
E. coli TGlrecO and individual colonies were checked for their plasm.d conten. The desired 
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plasmid pM026(3.2 kbp). in which the Avrll site is adjacent to the Hindlll site of the polylinker. was 
identified by its restriction pattern. 

(iii) Construction of plasm id PM027 
Plasmid pM025 was digested with EcoRI and Ball and the 1 .0 kbp insert was ligated with plasmid 
pM02 which had been digested with EcoRl and Ball. The ligation mixture was used to transform E. 
coli TGI recO and individual colonies were checked for their plasmid content. The desired plasmid 
pM027 (4 4 kbp) was identified by its restriction pattern 

fiv) Construction of plasm id dM032 
Plasmid pM026 was digested with Avrll and Hindlll and the 0.6 kbp insert was ligated with plasmid 
pM027 which had been digested with Avrll and Hindlll. The ligation mixture was used to transform 
E. coli TGirecO and individual colonies were checked for their plasmid content. The desired 
plasmid pM032 (5. 1 kbp) was identified by its restriction pattern 

(v^Ct pr^striJction of Plasmid dM033 
Plasmid pM032 was digested with BspEI and SexAl and the 2.7 kbp insert was ligated with plasmid 
pNTEP2 which had been digested with the same two enzymes and purified by gel electrophoresis 
to remove the 2.8 kbp insert. The ligation mixture was transformed into E.coli TGirecO and 
individual colonies were checked for their plasmid content. The plasmid pM033 (12 8 kbp) was 
identified by its restriction pattern. 

(vi> C/yngt'-l'^'"" Plasmid pC-AT12 
Plasmid pMOSS was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TGirecO and individual colonies were checked for their plasmid 
content The desired plasmid pC-AT1 2 was identified by its restnction pattern 

Fxamole li • CnnstHJCtlon of S ervthraea .iC?/ pC-ATl2 and production of TKL derivatives 

Plasmid pC-AT12 was used to transform S erythraea JC2 protoplasts. Thiostrepton 
resistant colonies were selected on R2T2Q medium containing 10 /vg/ml of thiostrepton. Several 
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msmlffitsfljnaasaiflfis J2afflCAT.pan,i„.,.„..r-i„r, , 

Appro»™,e^ s„ „C.AT,2 ONA „as use. ,0 .ra.s.o™ s e-Vhraea NRRL .33e 



co,cn,ea. ,o,a, ONA „a. ...a.e. an. a„e„s« Sou.e. ,„ „„„„ „^ 

plasmid has integrated 3* of module 2 of EryAI to 



' g-ve a novel macrolide brosynthelic pathway 

Fu*..,e,,a».3.a.oc..a<,,o.ve.p.a,.„,as.,„3«,.ences S ...aea NBR..33a 
PC.T,. „aa ,„..a.a. ... ^ ^^^^^^^ 
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plasmid pM026 (3 .2 kbp). in which the Avrll site is adjacent to the Hindlli site of the polylinker. was 
identified by its restriction pattern. 

(iit^ ( ;:nnstruction of pla smid PM027 
Plasmid pM025 was digested with EcoRl and Ball and the 1 .0 kbp insert was ligated with plasmid 
pM02 which had been digested with EcoRi and Ball. The ligation mixture was used to transform E. 
coli TGI recO and individual colonies were checked for their plasmid content. The desired plasmid 
pM027 (4 4 kbp) was identified by its restriction pattern. 

(iv) Construction of blas mid nM032 
Plasmid pM026 was digested with Avrll and Hindlli and the 0.6 kbp insert was ligated with plasmid 
pM027 which had been digested with Avrll and Hindlli. The ligation mixture was used to transform 
E. coli TGirecO and individual colonies were checked for their plasmid content. The desired 
plasmid pM032 (5. 1 kbp) was identified by its restriction pattern 

(V) Construction of plasm id dM033 
Plasmid pM032 was digested with BspEI and SexAl and the 2.7 kbp insert was ligated with plasmid 
pNTEP2 which had been digested with the same two enzymes and purified by gel electrophoresis 
to remove the 2.8 kbp insert. The ligation mixture was transformed into E.coli TGirecO and 
individual colonies were checked for their plasmid content. The plasmid pN^033 (12.8 kbp) was 
identified by its restriction pattern. 

(vf^ Construction of Plas mid dC-ATI 2 
Plasmid pM033 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29, 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TGirecO and individual colonies were checked for their plasmid 
content The desired plasmid pC-ATl 2 was Identified by its restnction pattern 

Example li - Cnnstruction of arvthraea JC ?/ pC-AT12 and production of TKU dgrivgtivgs 

Plasmid PC-AT12 was used to transform S erythraea JC2 protoplasts Thiostrepton 
resistant colonies were selected on R2T20 medium containing 10 /;g/ml of thiostrepton. Several 
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Approx,™,e^,„, PC-Ar,aDNA»asused,o,ran.,or.s. .^.,aea NRRL2338 
P-o.op,as., ,0 „ve a s.a,n ,„ „a ^a^l. . ..egra-ed ,„,c p„„, 
co,o„,es. ,o.a, ou. „aa o«a,„« an. analysa. Sou.en, .v....„„„ , 
P-as.. na= ,n,^,«e. 3. o, „,o..e . o, .ry.. ,„e a nov. .a.o,.e .os,n.na„c pa..„av 
-.Ha.n.e,,a.,on3na»„.o...p.a.«„,a^,„3^,_ S ..n^aea .Pa..33a 
^-AT.a was ,noc.a,« ,„,o ,.p„e p.,n 

-e„„«, .e<,,„„ .„„,,„,^ ,^ ^ ^ ^ ^ ^^^^ ^^^^^^^ 
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the cultures were centrifuged and the pH of the supernatant adjusted to pH 9 The supernatant 
was then extracted three trmes with an equal volume of ethyl acetate and the solvent removed by 
evaooration Products were analysed by HPLC-MS and two macroiide products were identified: 



Example 1I - Construction of plasmid dCJR49 

pCJR49 IS a pCJF124-based plasmid containing a mutant DEBS'l-TE gene which has no 
ketoreductase in module 2. and the AT domain in module 2 has been replaced by RAPS AT2 in 
order to incorporate a malonyl extender instead of a methylmalonyl extender in the second module 
(Figure 12). 

, pM032 was digested with BspEI and SexAl and the fragment containing the AT from RAP 
module 2 was cloned tnto pUC1-0 which had been previously digested with BspE I and SexA I. to 
yield the plasmid pCJR43 

pCJR43 was digested with IMdel and Xbal and the fragment containing the mutant DEBSl - 
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal. to yield 
plasmid pCJR49. pCJR49 was confirmed by restriction enzyme mapping 

Example 1m - Construction of S ervthraea JC2/PCJR49 and production of TKL derivatives 



O 



O 




OH 



OH 
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Approximately s^g pCJR49 DNA was used to transform S erythraea JC2 protoplasts to 

g.ve a strain in which the plasmid ,s integrated into the chromosome From several colon.es total 

DNA is obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated 

into the eryTE. S. erythraea JC2/pCJR49 is inoculated into tryptic soy broth containing 5pg /mL 

thiostrepton and incubated at 30°C for three days 100 mL of this seed culture was used to 

inoculate 2 L of sucrose succinate defined medium containing s^g /mL thiostrepton .n 5x 2 L 

flasks each containing 500 mL medium with 2 springs to aid dispersion and shaken at 300 rpm. 

After a further 5 days of growth the cultures were centrifuged and the ph of the supernatant was 

adjusted to pH 3 The supernatant was then extracted ihree times with an equal volume of ethyl 

acetate and the solvent removed by evaporation Products were dissolved in methanol and 

analysed by GCMS on a Finnegan-MAT GCQ System This analysis indicated that by companson 

to synthetic standards twq new lactones were present These products were (4S.5R)-4.methyi-3- 

keto-5-hydroxyhexano.c acid 6 lactone and (4S.5R)-4-methyl-3-keto-5-hydroxyheptanoic acid .v 
lactone: 



5i 




Example 1n - Construction of S erythraea NRRL 2 338/dCJR49 and rts use for production of 14- 
membered macrolirip g 

pCJR49 DNA was used to transform S. erythraea NRRL 2338 protoplasts to give a 
strain in which the plasmid is integrated into the chromosome From several colonies total DNA is 
obtained and analysed by Southern hybndisation to confirm that the plasmid has integrated in 
module 2 of EryAI to give a novel macrolide biosynthetic pathway Further integrations had 
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the cultures were centnfuged and the pH of the supernatant adjusted to pH 9 The supernatant 
was then extracted three times with an equal volunne of ethyl acetate and the solvent removed by 
evaooration. Products were analysed by HPLC-MS and two macrolide products were identrfied: 




OH 



Example 1I - Construction of plasmid dCJR49 

pCJR49 IS a pCJR24-based plasmid containing a mutant DEBSl-TEgene which has no 
ketoreductase in module 2. and the AT domain in module 2 has been replaced by RAPS AT2 in 
order to mcorporate a malonyl extender instead of a methylmalonyi extender in the second module 
(Figure 12). 

pM032 was digested with BspEI and SexAl and the fragment containirig the AT from RAP 
module 2 was cloned into pUCVO which had been previously digested with BspE I and SexA I. to 
yield the plasmid pCJR43 

pCJR43 was digested with Ndel and Xbal and the fragment containing the mutant DEBSl - 
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal. to yield 
plasmid pCJR49 pCJR49 was confirmed by restriction enzyme mapping. 

Example 1m - Constr uction of S ervthraea JC2/PCJR49 and production of TKL derivatives 
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Approximately 5^g pCJR49 DNA was used lo transform S erythraea JC2 protoplasts to 

give a strain in which the plasmid is integrated into the chromosome From several colonies total 

DNA is Obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated 

into the eryTE. S. erythraea JC2/pCJR49 is inoculated into tryptic soy broth containing Sf^g /^L 

thiostrepton and incubated at SCC for three days 1 00 mL of this seed culture was used to 

inoculate 2 L of sucrose succinate defined medium containing s^g /mL thiostrepton .n 5 x 2 L 

flasks each containing 500 mL medium with 2 spnngs to aid dispersion and shaken at 300 rpm. 

After a further 5 days of growth the cultures were centntuged and the pH of the supernatant was 

adjusted to pH 3 The supernatant was then extracted three times with an equal volume of ethyl 

acetate and the solvent removed by evaporation Products were dissolved in methanol and 

analysed by GCMS on a Finnegan-MAT GCQ System This analysis indicated that by comparison 

to synthetic standards two new lactones were present These products were (4S.5R)-4-methyl-3- 

keto-5-hydroxyhexanoic acid lactone and (4S.5R)-4-methyl-3-keto-5-hydroxyheptanoic acid 
lactone: 



O 




o 




Example 1n • Construction of S erv t hraea NRRL 2338/DCJR49 anri its use for productinn nf 14- 
membered macrnlifl«a«; 

Sfig PCJR49 DNA was used to transform S erythraea NRRL 2338 protoplasts to give a 
strain in which the plasmid is integrated info the chromosome From several colonies total DNA is 
obtained and analysed by Southern hybndisation to confirm that the plasmid has integrated in 
module 2 of EryAI to give a novel macrodde biosynthetic pathway Further integrations had 
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occurred to give repeated olasmid sequences. S erythraea /pCJR49 is inoculated into tryptic soy 
broth containing Sua /mL thiostrepton and incubated at 30°C for three days 100 mL of this seed 
culture was used to inoculate 2 L of sucrose succinate defined medium containing s^g/mL 
thiostrepton in 5 x 2 L flasks each containing SOOmL medium with 2 spnngs to aid dispersion and 
shaken at 300 rpm After a further 5 days of growth the cultures were cenlrifuged and the pH of 
the supernatant adjusted to pH 9 The supernatant was then extracted three times with and equal 
volume of ethyl acetate and the solvent removed by evaporation Products were analysed by 
HPLC-MS and tv^o macrolides were identified: 



Example 2 - Construction of S. erythraea ERMD i Carrvino a Hvbnd PKS Gene in which the qvr 
15 Loading Didomain is Substituted for t h e erv Loading DIdomain of S gnlhraea NRRL 2338 
n\ Construction of plasmid oAVLD 
Plasmid pCRabc (Example 1) was fineansed with BamHI and ligated to plJ702 previously digested 
with Bglll. The mixture contained the desired plasmid pAVLD (Figure 5) The ligation mixture was 
transformed into E.coii TG1 recO and individual colonies were checked for their plasmid content 
2() The desired plasmid pAVLD was identified by its restriction pattern (Figure 5) 



O 



O 



10 




(in Con.qtrwction of S ervthrea ERMD1 
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Apprcx.mately 5-10 .g of pAVLD. isolated from E. co.i TGlrecO(pAVLD) was transformed ir,to S. 
erythraea NRRL2338 and stable thiostrepton resistant colonies were isolated. One of these 
colonies was selected and total DNA was digested with PstI and analysed by Southern 
hybridisation employing as a probe the .nsert from plasmid pCRc which contains the fragment of 
the ery Al gene encoding the ketosynthase domain KS1 The analysis showed 
positively-hybridizing Pst, fragments of 8.5 kbp, 4.8 kbp and 33 kbp. ,nd,cat,ng the presence of 
two tandemly integrated copies of pAVLD (Figure 6) 

■ Preparmion of Iso pm pyl and Sfic-B.ftvl Fr Ythrnm > ^ ins Usinn .^^ .ry ^Hr^^^ po>.p, 
A 50 mL fem^entation of S erythraea ERMDl was earned out on tap water medium and 
after 4 days at 30^ the mycel.um was harvested and used to inoculate 1 .5 L of sucrose-succ.nate 
medium conta,ning thiostrepton (50;.g/mL). After growth at 30^ for 4 days, the whole broth was 
extracted twice with an equal volume of ethyl acetate 

The combined extracts were concentrated under reduced pressure and subjected twice to 
preparative thin layer chromatography on silica plates (20 x 20cm ) eluted with 
chloroform/methano(/.88 ammonia 8:2:0 01 (by vol) The products were further separated by 
HPLC on a PhaseSep C18 base-deactivated reversed-phase column S5 ODS (octadecylsilane) 6 
(4.6mm X 25 cm), eluted with methanol/0.5% ammonium acetate (70:30 (vol/vol)), at 1 mLVmrn 
Fractions were collected between 7 and 1 1 minutes from three separate injections, and the pooled 
fractions were re-injected in ten separate .njections. The analogues containing an isopropyl side 
Chain (isopropy, at R . of fom,ula 1) derived from the incorporation of a 4-carbon (C-4; isobutyryl) 
starter unit eluted earlier, with the analogues containing a sec-butyl side chain (sec-butyl at R, of 
formula i ) derived from the incorporation of a 5-carbon (0-5; 2-methybutyry,) starter unit emerging 
several minutes later. High resolution MS gave results for C-4 eryA. eryB and eryO analogues, ana 
for C-5 eryA and eryB analogues, which correspond closely to those calculated: 
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occurred to give repeated plasmid sequences. S erythraea /pCJR49 is inoculated into tryptic soy 
broth containing Sua /mL thiostrepton and incubated at 30*'C for three days 100 mL of this seed 
culture was used to inoculate 2 L of sucrose succinate defined medium containing S/xg/mL 
thiostrepton in 5 x 2 L flasks each containing SOOmL medium with 2 spnngs to aid dispersion and 
shaken at 300 rpm After a further 5 days of growth the cultures were cenlrifuged and the pH of 
the supernatant adjusted to pH 9 The supernatant was then extracted three times with and equal 
volume of ethyl acetate and the solvent removed by evaporation Products were analysed by 
HPLC-MS and two macrolides were identified: 




Example 2 • Construction of S f^rvthraea E RMOl Carrying a Hybrid PKS Gene in which thfi avr 
Loading Didomain is Substituted for th p Afv l oading Didomain of g grythraea NRRL 2338 

Construction of olasmid oAVLP 
Plasmid pGRabc (Example 1) was lineansed with BamHl and ligated to pU702 previously digested 
with BglM The mixture contained the desired plasmid pAVLD (Figure 5) The ligation mixture was 
transformed into E.coli TG1 recO and individual colonies were checked for their plasmid content. 
The desired plasmid pAVLD was identified by its restriction pattern (Figure 5) 
(ii) Construction of S ery threa ERMP1 
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Approx.mate.y 5-10 Mg of pAVLD. isolated from E. coli TGlrecO(pAVLD) was transformed into S. 
erythraea NRRL2338 and stable thiostrepton resistant colonies were isolated. One of these 
colon.es was selected and total DMA was digested with PstI and analysed by Southern 
nybridisafon employing as a probe the mserr from p,asm.d pCRc which contains the fragment of 
the ery Al gene encoding the ketosynthase domain KSI The analysis showed 
pos,t.vely-hybndizing PstI fragments of 8.5 kbp, 4.8 kbp and 33 kbp. .nd.cafng the presence of 
two tandemly integrated copies of pAVLD (Figure 6) 

Example 3 • Prepqratipn pf Isnp rnp yl . nd ^nr But yl Eryth r om vcin. ( ^ .^ h.,., p.. 

A 50 mL fermentation of S erythraea ERMDI was earned out on tap water medium and 
after 4 .ays at 30«C the mycelium was ha^ested and used to .noculate 1 .5 L of sucrose-succinate 
medium containing thiostrepton (50^g/mL) After growth at 30<C for 4 days, the whole broth was 
extracted twice with an equal volume of ethyl acetate. ' 

The combined extracts were concentrated under reduced pressure and subiected twice to 
preparative thin layer chromatography on silica plates (20 x 20cm) eluted with 
chloroform/methanol/.88 ammonia 8:2:0.01 (by vol). The products were further separated by 
HPLC on a PhaseSep C18 base-deactivated reversed-phase column S5 ODS (octadecylsilane) 6 
(4.6mm X 25 cm), eluted with methanol/0 5% ammonium acetate (70:30 (vol/vol)), at 1 mL7m,n 
Fractions were collected between 7 and 1 1 minutes from three separate injections, and the pooled 
fractions were re-injected in ten separate .njections. The analogues containing an isopropyl s,de 
Chain (isopropyl at R. of formula 1) derived from the incorporation of a 4-carbon (C-4; isobutyry.) 
starter unit eluted earlier, with the analogues containing a sec-butyl side chain (sec-butyl at R, of 
formula 1 , derived from the incorporation of a 5-carbon (C-5; 2-methybutyry.) starter unit emerging 
several minutes later. High resolution MS gave results for C-4 eryA. eryB and e^D analogues.' and 
for C-5 eryA and eryB analogues, which correspond closely to those calculated: 
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Analogue 
C5-eryA 
C4-eryA 
C5-eryB 
C4-eryB 



qalc'd Mass 
762.5004 
748 4847 
746.4890 
732.4898 



Measured Mass 
762.5021 
748.4820 
748.5077 
732.4933 



In these experiments natural erythromycins were present only in low or undetectable 
amounts, and there were no delectable amounts of eryC analogues The overall concentration 
rat(o of C-4/C-5 compounds m the fermentation broth, as assessed by ESMS of ethyl acetate 
extracts ol broths, was between 4 1 and 6 1 m favour of C-4 compounds. The ratio of A:B;D 
analogues is variable, about 15:60 .25. but with an increasing proportion of A analogues as the 
fermentation proceeds. The total yield of ervihromycins is about 400 ,ig/litre. No supplementation 
with either isobutyric or 2-methylbutyrrc acid was performed Thus, it would appear that the 
isobutyryi and 2-methylbutyryl starter units are denved from endogenousiy supplied precursors, 
analogous to the synthesis of natural avermectins (e.g.. Hafner et ai.'{i99l). J Antibiot.. 44:349- 
356) 

Example 4a - Construction of S eryt hraea NRRL 2338/piqi 

Approximately 5 ng of plasmid plGl was transformed into protoplasts of S. erythraea NRRL 
2338 and stable thiostrepton resistant colonies are isolated. From several such colonies, total 
DNA was obtained and analysed by Southern hybridisation, to confirm that the plasmid had 
integrated specifically into eryAI. and Southern analysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing altered macrolides via the ave loading 
module. 



Example 4b - Construction of S. en^hraea NRP I 3338/pND30 
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Appr..™,«, 5 o, p,a.„„ P.030 Uans-o^,, ,„„ „„„,33,, „ ^ ^^^^^^ 

.0.3, ONA was o.«,„« anc an.vs«, So..e. ....,3a„o„, „ .„„™ ,,3, 

.n..,.,. .ec.c„..,o e... So 3... a,so s.o„e. s„e 0, «a. 

ap.op.a,e„,en.a,ea™an.capa.eo,p,„.c,„.a„.e..a.o,„,esv..ea.e,oa.„. 

module. ^ 



' S e^„,ae, .33S,p,G, was ,„o«a.a. ,„,o ,ap „a,e, n,^,u. co„,a,„,„, 50..,.. 

^.o.e a„.a,,o„e..o.ow,„.p..a.sa,30..„.,.3..o.^ 
see. SCO o, euo,ose..cc,na,e .e... so ..3.ep,p„, ,„ a . „a. 

aee«,e THe co™p,ne. e,„. a.e,a,e e«.ac,s were ..e. ove, a„„..™us so.„. ..p.a.e a„. 
seven, ..ove. , „^ ^^^^ 

.evea,e.,.a.o,a.o,.o,s..,.o.,.„a..ac,o,,Oep.oo.,s.,.„a,o.o.po„e„,„as 

c-Pu,y,.O.hro,nvc,n D<abou, , 5™,^, wi,« o,her =o..pone„,. presen, Pein, 
sec.p„,„.^,o.,.,„ 3 ^ sec.Pu,„.e^.,o.vc,n A, .sop.opv,.e^„,o.v.ns b an. o a„. 
a™«so, na.,. e^„.„,,„, ^^^^^ ^^^^ ^^^^^^ 

app,o».a,e.,o.,s,™ea.o.o,.enove,,.p.p.-an.sec.p...e..o.vc,n.=o.p.. 
oe,...e„,s.e^,aeaB™o.oon..c.,seeexa..e..ea,,..e_„,,.e.apa»^ 

o,.eac,,.o™..a„.,,.co,na,eac.va,o,,eneac,,,-on..o enhance ,nee.p.e=.ono,r,pe, 

s. .9a,„, no supp,en,an,a„on ,3c.o„^ ..„e.nwPu,.,c ac. „as pe.o..e. 

Thus, „wo..appear ,na,.e ,eoPu.^ an. ..e,.v,Pu,v., s,a.e, .n„s a,e .enve. ,.n, 
endogenously supplied precursors 
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Analogue 
C5-eryA 



Hale d Mass Mggiswrecj Mgsg 

762.5004 762.5021 



C4-eryA 748 4847 748.4820 



C5-eryB 



746 4898 748,5077 



C4-eryB 732 4898 732.4933 

In these experiments natural erythromycins were present only in low or undetectable 
amounts, and there were no detectable amounts of eryC analogues. The overall concentration 
ratio of C-4/C-5 compounds in the fermentation broth, as assessed by ESMS of ethyl acetate 
extracts of broths, was between 4 1 and 6.i in favour of C-4 compounds. The ratio of A:B:D 
analogues is variable, about 15:60.25. but with an increasing proportion of A analogues as the 
fermentation proceeds. The total yield of erythromycins is about 400 ng/litre. No supplementation 
with either isobutyric or 2-methylbutyric acid was performed. Thus, it would appear that the 
isobutyryi and 2-methylbutyryl starter units are derived from endogenously supplied precursors, 
analogous to the synthesis of natural avermectins (e.g., Hafner et al.'(i99l). J Antibiot.. 44:349- 
356). 

Example 4a - Construction of S er ythraea NRRL 2338/plQ1 

Approximately 5 ^g of plasmid plG1 was transformed into protoplasts of S. erythraea NRRL 
2338 and stable thiostrepton resistant colonies are isolated. From several such colonies, total 
DNA was obtained and analysed by Southern hybridisation, to confirm that the plasmid had 
integrated specifically into eryAi. and Southern analysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing altered macrolides via the ave loading 
module. 

F^xample 4b - Construction nf S grvthra pa NRRL 2338/DND30 
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) 



App,o.i™,e,y 5 „3 o, p,aan,« p«D30 was ,rans,on.e» ,„,o pr„,o^,3,so, s er^nraea 
NRRL .33S a„» ^ .H^..p,o„ ...an, co,on,es a. p™. 3eva., sue. co,o„,« 
-a, ONAwaso«a,n=<,a„c a„a,vse. So..e,n .....a,.„ . 

.n.e,,a,..pac.ca,V,p,oe..ra„.So...na„a..sa,..„„e<..a..es,,e„n„,,^^^^^^ 
approp.a,e » genera, a ™,a„. .pa„e o, pro..c,„g a„e,e<, .a.p„oes v,a ,«e ave ,oaP,„, 

module. 



S en«..aea .«R. .333^,0, „as ,„,cu,a,e<. ,ap »a,e, .e.,u. co„.,„,„, 50 

-«.ep,o„an«a.,owe.,o,..,„,,.,,3.sa,30.,.„e..3..c..on.e.vce^ 

.0 ^ SCO o, .„„3a.aucc,na,e .e«,u. c„„,a,„., so ...3„ap.o„, ,„ a a. „a. „„n 

ace.a,. TKa com.^ea »^ ace«,e e„,ac,s we. .„e. ova, a„.v*o.s so... su,p.a,e an. 
seven, .e^ove. ^ evapo.a,.„ .n.,.3 . ^ 

sec-bu„,.,.nron„^nO,abou, ,5.,^, w«h cner ,..pcnen,s present .e,ng 
sec..„,>^^.„„^„ 3 3^ sec.pu,y,.^nron,VP,n A; lsoprcpv,.e,v,nro.vons A B and D 
-a,, a.oun,so, na,ur. ^.^^^ , 3^ , 3 ^^^^ ^^^^^^^ 

appro..a,e,.,oos..es™.o,,nencven.prcp..an„sec-P„,v,.e^nro.,c,n^ 
- e,..a,e„, s. ^^^^^ 

o...eac,,pron,o,era„.,,s„,„a,eac«va,or,eneac,n-o«.,„en.a„oe,ne_no.x^^^ 

s. .,a,n. no supp..en«.„„ „„„ , ao.u.,r. or ...e»„p„,v-.c ac,» was performed 

Thus. « wou,. appear ,na, .e ,so.u,v-v, an. ..,ne,nwPu,vr^ 3,a„er .n„s are .enve. 

endogenously supplied precursors. 



was 



; and 



I 



SUBSTITUTE SHEET (RULE 26) 



PCT/GB97/01810 

WO 98/01571 

45 



Pvpm pi. - PreDa r ^^.^n nf i.^-i.v,nrnmrl .nri 13-.ec-BMtYl FrYthrnmyr.ns Using S. erythraeg 
MRRI ?:^.^fl/pND30 

S erythraea NRRL 2338/pND30 was inoculated into tap water medium containing 50 
^g/mL thiostrepton and allowed to grow for four days at 30<K:. After this. 20 mL of the mycelium 
was used to seed 500 mL of sucrose-succinate medium containing 50 jxg /mL thiostrepton, in a 2L 
tiask w,th a Single spnng to reduce clumping, shaken at 280 rpm. After between 3.5 and 6 days, 
the broth was filtered to remove mycelia and then extracted three times with a quarter volume of 
ethyl acetate. The combined ethyl acetate extracts were dried over anhydrous sodium sulphate 
and solvent removed by evaporation. Analysis of the product mixture using GC and electrospray 
MS revealed that of a total of 5-6 mg/L of 14-membered macrolide products, the major component 
was sec-butyl-erythromycin D (about i .5 mg/L>. with other components present being 
sec-butyt-erythromycin B and sec-butyl-erythromycin A: isopropyl-erythromycins A, B and D; and 
small amounts of natural erythromycins A. B and D. S erythraea NRRL 2338/pND30 produced 
approximately 10-15 times more of the novel isopropyl- and sec-butyl-erythromycins compared to 
the equivalent S erythraea ERMD 1 construct (see Example 2) clearly demonstrating the capability 
Of the actl promoter and its cognate activator gene actll-orf4 to enhance the expression of Type I 
PKS-s Again, no supplementation with either isobutyric or 2-methylbutync acid was performed. 
Thus, it would appear that the isobutyryt and 2-methylbutyryl starter units are derived from 
endogenously supplied precursors. 

Px;,mDle6a- Pr o r«r;,tinn of la- c yHnnpntvl-Prvthrnmycin B using S Prythff^R^ NRRl 2338/pl(3l 

The culture S. erythraea NRRL 2338/plG l was inoculated into 50 mL tap water medium in a 
300 mL Erienmeyer flask After 36 hours incubation at 28'X:. this flask was used to inoculate 3.5 L 
of ER Y-P medium in a 5 L minijar. The broth was incubated at 28-0 with an aeration rate of 1 75 
L/m.n Cyclopentane carboxylio acid ( 1 4 mL) was added after 24 hours and the fermentation was 
continued for 168 hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous 
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sca.um .v«,o.l.e an. extracted „„. emy, aos,,„ ,,0 T.eeth,, ace,a,e ex^ac, was 

,0 .o^ess „v,„, ,.e c..e proCuc, as a Onegra. o,.,sex„a=,„as 

-.see. . e.hW ace,a,e ,5 an. a»e. ,0 a prapac.e. s„.a ge, ca.,.«e ( ,0,: ,„,e™„o„a, 
Somen, Technology, previously conCitloneC with e,hy, ace,a« „OmLl Theoo,un,n was 
seo.en,ial,y e,u,e..,m e,hyl acetale ,4 x ,0 .L,: dlc.^,o.e,hane:n,e,nano, „ ,) (2 x 10 n,L, 
dic.,o,on,e,nane:™,nanol a..pn,a ,.0:S ,) (, x ,o.L,: »<=n,oron,e.nane:.e«ano|.,.™„,a 
<e0:,9:„ „ x ,0 .L,: .e,nano, ,2 x ,0 .L, Praclons 7-,0 ware con,p,na<, an. evaporate. ,p 
dryness. This ,rac„ona,lon was repeated on tne ren,a,n,n, 3 . , o, gom. T.,s enrlcnmen. step 
Viewed ca, ,20 o, a ,u.,ny so,« con,.„,„, tne desired product. T.is was ,un.er purged Py 

preparative reversed.pnaseHPLCusl^aZorPaxr„m COS co,u„n,.,,a.mx.Sc..usin,a 
mo^ls Phase 0, ace,on.nle:0.05 M a„,n,o*n, acetate ,7:3, at 8 fractions, contain., ,ne 

product o, ,n,eros,, ,ro. tour separate ,n,ect,ons were como,„ed and evaporated to dryness 
betore repeat preparative reversed-pnase HPLC usin, a ee*man 5 Ultrasphere OOS colu.n 

O0m„xa5c.,u„,an,oPI,epnase gradient o,aceton,tr,e:0.05Ma,„™nK-n,ace,a,e,.8r2„o 
ace,on«r„e:0,05 Ma.„,on,unna=e,a,e ,50:50, over ,a .,nu,es <,,o„ rate 4 .u.in,. Practrons 
containing the product o, , .rest, trom «ve separate injections were co.»,ned and evaporated .0 
dn^ese to g.,e a pure wHtte sotid ,7 .g,. The structure o, the p-oduc, was contrt^ed by .ass 
spectrometry ,MS, and nudear magnetic resonance ,NMR, spectroscopy as toltows: 
HPLC retention time - Method A r 26.0 minutes 

APCI-MS - (M . H)- Observed at m/e 758, required for C40H72NO1 2-758 
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p.,^p,. , c..op, r.t.nn nf ir^.|«.D mn >r l ann i r^-sec-Butyl FrYthromyc.ns Using S. en^hrqeg 
MHRi p:^:^fl/DND30 

S erythraea NRRL 2338/pND30 was inoculated into tap water medium containing 50 
pg/mL th.ostrepton and allowed to grow tor four days at 30°C. After this. 20 mL of the mycelium 
was used to seed 500 mL of sucrose-succinate medium containing 50 /mL thiostrepton. in a 2L 
tiask with a single spring to reduce clumping, shaken at 280 rpm. After between 3.5 and 6 days, 
the broth was filtered to remove mycelia and then e>ctracted three times with a quarter volume of 
ethyl acetate. The combined ethyl acetate extracts were dried over anhydrous sodium sulphate 
and solvent removed by evaporation. Analysis of the product mixture using GC and electrospray 
MS revealed that of a total of 5-6 mg/L of 1 4-membered macrolide products, the ma,or component 
was sec-butyl-erythromycin D (about i .5 mg/L). with other components present being 
sec-butyl-erythromycin B and sec-butyl-erythromycin A: isopropyl-erythromycins A. B and D: and 
small amounts of natural erythromycins A. 8 and D. S. erythraea NRRL 2338/pND30 produced 
approximately 10-15 times more of the novel isopropyl- and sec-butyl-erythromycns compared to 
the equivalent S. erythraea ERMD1 construct (see Example 2) clearly demonstrating the capability 
of the actl promoter and its cognate activator gene actll-ortA to enhance the expression of Type I 
PKS s. Again, no supplementation with either isobutyric or 2-methylbutyric acid was performed 
Thus, it would appear that the isobutyryl and 2-methylbutyryl starter units are derived from 
20 endogenousiy supplied precursors. 

c..^p.o A. ■ PrPn;,r;,tion of i.-.-^ yMnn^nivl-ervthromvcin B using S Prythraea NRRl 2338/pl0l 

The culture S. erythraea NRRL 2338/plG 1 was inoculated into 50 mL tap water medium in a 
300 mL Erienmeyer flask After 36 hours incubation at 2e<^. this flask was used to inoculate 3 5 L 
25 of ER Y-P medium in a 5 L minijar The broth was incubated at 28'C with an aeration rate of 1 75 
L/mir. Cyclopentane carboxylic acid ( 1 4 mL) was added after 24 hours and the fermentation was 
continued for 168 hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous 
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sodlu..v.,„«i.ean<,.«™c,eC«.em^aca,a„OOL,,T.ee,hv,ace,a,ee«,ac„as 
— a,e. ,0 .ry.^ p.od.c, as a gu. ,4.2,,^ o„e,ra. a, ex„ac, „as 
.sso^e. ,„ e... ace.a. <s .L, a^ a..e<, ,o a p^paCe. s„lca .a, ea.«,a 00 ,„,e,„a„o„a, 
SoM^n, Taohnology, prev„u.„ condoned „,th amy, acetate (,Oa,L,. Thecolumnwae 
se,„e„t,a«y e,u.ed.„„ eth^ acetate ,4 . ,o d,ch^.c.ethane:n,ett,ano, „ „ (2 « ,o 
d,ct„c,o™tHane:.et.anc, a.™„,a ,90.s„ „ . to.u,:d,cn,o,o™,.ane:a,et«ano,:a..on,a 
(eO:'9„o « ,O.U:.a,Kano,«x to.u ^-io„s7-,c we. cc..,„ed and evaporated ,p 
dryness, rnis .ac,lonat,on »as repeated on tne 3 .9 o, gu.. ^s anncnnten, step 

yielded ca, 9ao ™, „, a ,u„,.y 30«d con,.n,ng tne desired product. r.s „as ,un.er purged .y 
Prepa,a.ve reversed-p^ase HPtc u.,^ a ZorPa« . ..m COS co,u.n a « 35 us,no a 
™.,e pnaseo, aceto„„n,e:0.C5Man,n.r.dn,acetate,.:3,a,Sn,..,n .ract,ons. conta,n,n, tne 
product o, .nterest. tror. tour separate ,„,ect,ons were co.P,ned and evaporated ,0 dryness 
^etore repeat prepara.,ve reversed-pnase HPtC „s,„, a 8ec..a„ 5 „n, uttraspnere OOS co,u™ 

('0mm.25c.,„s,n,an,o«epnase,rad,ento,aceton,.r.e:0,05«a.n,on,u. acetate ,38 73„o 

ace,on,tn,e:0.05Man„„on,.™acetate,50:50,o.er,Sn„nu,es,t,p„ra,e4.Un„n,Pract,o„s 
cpn,a,„,n, t.e product o, ,res,. trom ttve separate injections were co^ined and evaporated to 

drynesstog,vsa^re„n,teso„d,7n,„. The structure ottne product wascont^edpy .ass 
spectrometrytMS, and nuclear .agnatic resonance <NMP, spectroscopy as tollows 
HPLC retention time - Method A - 26.0 minutes 

APCI-MS -(M .H)-observed at m/e 758, required for C40H72NO1 2 - 758 
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O 




NMRdata 

Atom number '^C chemical shift, from '''C NMR spectrum chemical shift and multiplicity 



1 176 0 

2 45.0 2.89 1H dq J = 9 4. 7 1 

3 80 4 4.02 1Hdd J = 9 4, 1 7 

4 39.2 2.08 1 H multiplet 

5 83.8 3.59 1Hd J = 7 4 

6 75 4 

7 " 38.0 2-00 1Hdd J =14 7. 10.8 

ca. 1.65 1H multiplet 

8 45.0 2.71 IHdqd J = 10.6. 6.8. 2.6 

9 ca. 220.0 

10 38 9* 2.98 1Hqd J = 6.8. 1.5 
1 1 69 4 3.73 IHdd J:=9.9. 12 
1 2 38.8* 1 71 1H multiplet 

13 78.3 5.19 IHdd J = 10.5. 1.0 

14 41 7 2.15 1H br sextet 
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15 
16 
17 
18 

V9 

20 
21 
22 
23 
24 



3* 
4' 

5' 
6' 

V 
2" 

3" 
4" 



ca 1.69 1H multiplet 
ca. 1.21 1H multipJet 
25 4 ca. 1.63 1H multiplet 

ca. 1.52 1 H muftipiet 
25-1 ca 1.63 1H multiplet 

ca. 1 52 1H multiplet 
29*^ ca 1.69 1H multiplet 

ca. 1 21 1H multiplet 
^5 8 1 18 3Hd J = 7.1 

^24 1 133Hd J = 70 

27'.4 1 46 3HS 

1.143Hd J = 6.8 
^ 5 0 99 3Hd J = 6.8 

0.863Hd J = 7.1 



^' 103.2 
2* 



4.43 IHd J = 7.3 
^^■9 3.24. IHdd J = 10.3. 7 3 

^5-4 2.51 IHddd J = 12.0. 10.6. 4.1 

29 0 ca. 1.68 1H multiplet 

ca. 1.24 1H multiplet 
68 9 3.50 IH br sextet 

21-5 1.22 3Hd J = 6.1 

1 2.32 2x3Hs 

96 5 4.90 IHd J = 4.6 

2.36 IHd J =15.2 + small (<1 H2) 
1.58 IH multiplet 

72.6 

0 3.02 IHd J = 9.i 
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NMRdata 

Atom number ''C chemical shift, trom '''C NMR spectrum 'H chemical shift and multiplictty 



1 176 0 

2 45.0 2.89 1Hdq J = 9.4. 7 1 

3 80.4 4.02 1Hdd J = 9 4, 1 7 

4 39.2 2.08 1H muitiplet 

5 83.8 3.59 IHd J = 7 4 

6 75 4 

7 38.0 2.00 1Hdd J =14.7. 10.8 

ca. 1.65 1H murtipiet 

8 45.0 2.71 1Hdqd J = 10.6. 6.8, 2.6 

9 ca. 220 0 

10 38 9* 2.98 1Hqd J = 6.8. 1.5 
1 1 69 4 3.73 IHdd J = 9.9. 1.2 

12 38 8* 1 71 1H muitiplet 

13 78.3 5.19 1H dd J = 10.5. 1.0 

14 41 7 2.15 1H br sextet 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

r 

2' 
3' 
4" 

5' 
6* 
7\8' 

1" 

?" 

3" 
4" 



ca. 1.69 1H multiplet 
ca. 1.21 1 H multiplet 
2S ca. 1 63 1H multiplet 

ca. 1 52 1H multiplet 
^^■^ ca t 63 1H multiplet 

ca. 1 52 1H multiplet 
^^•^ ca 1.69 1H multiplet 

ca 1 21 1H multiplet 
^58 1 i83Hd J = 7i 

• 1 133Hd J=r70 

1 46 3HS 
1 143Hd J = 6.8 
0 99 3Hd J = 6.8 
^•''6 0.86 3Hd J = 7.1 

"'03.2 4 1Hd J = 7.3 

^^•9 3.24 IHdd J = 10 3. 7 3 

^^•"^ 2.51 IHddd J= 12 0. tO.6. 4.1 

^^•0 ca. 1 68 1H multrplet 

ca. 1.24 1H multiplet 
^® 8 3.50 IHbr sextet 

2"* 5 1.223Hd J = 61 

2.32 2x3Hs 
5 4 90 iHd J = 4.6 

2.36 IHd J = 15.2 + small (<1 Hz) 
1 58 1H multiplet 



35.1 



72.6 . 

0 3.02 tHd J = 9.1 
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5" 



65.6 



4.01 1H multiplet- 



6" 



18.7 



1.29 3Hd J = 6.3 



21.4 



1.24 3H S 



8" 



49.5 



3.31 3H s 



* - Assignments for signal with asterisks may be interchangeable 

Example 6b - Preparation of 13-cvclQDentv)-ervthromvcin B u sing S ervthraea NRRL 2338/DND3Q 

An experiment similar to example 6a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 6a. 

Example 7a • Preparation of IS-cvclobutvl-ervthromvcIn B using S. ervthraea NRRL 2338/plGl 

The culture S. erythraea NRRL 2338/plG1 was inoculated into SOmLtap water medium in 
3 X 300 mL Erlenmeyer flasks. After 72 hours incubation at 28'X:, this flask was used to inoculate 
3 5 L of ER Y-P medium in 3 x 5 L minijars. The broth was incubated at 28*C with an aeration rate of 
2.0 L/min and stirring at 500 rpm. Two feeds of cyclobutane carboxylic acid (1.4 mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 168 hours. After this time, the 
pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L). The ethyl acetate extract was concentrated to dryness giving the crude 
product as a gum (9.2 g). A portion (2.3 g) of this extract was dissolved m ethyl acetate (12.5 mL) 
and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4 x 
24 mL); dlchloromethane:methanol (9:1) (1 x 24mL): dichtoromethane:methanol (8:2) (2 x 24 mL); 
dichloromethane:methanol:ammonia (80:19:1) (1 x 24 mL); methanol (1 x 24 mL). Fractions 6-8 
were combined and evaporated to dryness. This fractionation was repeated on a remaining sample 
of gum (4 7 g) This enrichment step yielded ca. 41 5 mg of a solid containing the desired product, 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 ^m ODS column 
(21.2 mm X 25 cm) using a mobile phase of acetonrtnle.0.05 M ammonium acetate (3:1) at 8 
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mL/min Fractions, containing the product of interest, from five separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
iim Ultrasphere ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitnle:0.05 M 
ammonium acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow 
rate 4 mUmin). Fractions, containing the product of interest, were combined and evaporated to 
dryness to give a pure white solid (27 mg). The structure of the product was confirmed by MS and 
NMR as follows: 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS ■ (M + H)**" observed at m/e 744, required for C39H70NO1 2 - 744 



O 




NMR data: 

Atom number '^C chemical shift, from NMR 'H chemical shift and multiplicity 

spectrum 

1 176.3 

2 44 5 2-87 1 H dq J = 9 1.7 1 

3 80 4 4.03 1H d J = 9 1 

4 39.2 2.08 IHmultiplet 
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5- 65.6 4.01 1H multiplet 

6" 18.7 1.29 3Hd J=r6.3 

7" 21.4 1.24 3Hs 

8" 49,5 3.31 3H s 

' - Assignments tor signal with asterisks may be interchangeable 

Example 6b - Preparation of 13-cvclODentvl-ervthromvcin B usi ng S ervthraea NRRL 2338/PND30 
An experiment similar to example 6a. using the culture S. erythraea NRRL 2338/pND30. 
5 produces the compound exemplified in example 6a. 

Example 7a • Preparation of IS-cvciobutvl-ervthromvcin B using S. ervth raea NRRL 2338/DlGl 

The cultures, erythraea NRRL 2338/plGl was inoculated into 50 mL tap water medium in 
3 x 300 mL Erienmeyer flasks. Atter 72 hours incubation at 28°C. this flask was used to inoculate 

10 3 5 L of ERY-P medium in 3 x 5 L minijars. The broth was incubated at 28'C with an aeration rate of 
2.0 L/min and stirring at 500 rpm. Two feeds of cyclobutane carboxylic acid (1.4 mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 168 hours. After this time, the 
pH of the whole broth was adjusted to 8,5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L). The ethyl acetate extract was concentrated to dryness giving the crude 

15 product as a gum (9.2 g). A portion (2.3 g) of this extract was dissolved in ethyl acetate (12.5 mL) 
and added to a prepacked silica gel cartridge (10 g: International Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially eluted wrth ethyl acetate (4 x 
24 mL); dichloromethane:methanol (9:1 ) (1 x 24 mL); dichloromethane:methanol (8:2) (2 x 24 mL); 
dichloromethane:methanol:ammonia (80:19:1) (1 x 24 mL); methanol (1 x24mL). Fractions 6-8 

20 were combined and evaporated to dryness. This fractionation was repeated on a remaining sample 
of gum (4 7g). This enrichment step yielded ca. 4l5mgof a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 ^m ODS column 
(21 .2 mm X 25cm) using a mobile phase of acetonrtnle.O 05 M ammonium acetate (3:1 ) at 8 
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mLymin Fractions, containing the product of interest, from five separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
urn Ultrasphere ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitnle;0.05 M 
ammonium acetate (28:72) to acetonitrile.O.OS M ammonium acetate (50:50) over 18 minutes (flow 
rate 4 mL7min). Fractions, containing the product of interest, were combined and evaporated to 
dryness to give a pure white solid (27 mg). The structure of the product was confirmed by MS and 
ISJMR as follows: 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M + H)*^ observed at m/e 744. required tor C39H70NO1 2 - 744 



O 




NMR data: 

Atom number '^C chemical shift, from ^CNMR 'H chemical shift and multiplicity 

spectrum 

1 176.3 

2 44 5 2.87 1Hdq J = 9.1, 7.1 

3 80 4 4.03 IHd J = 9. 1 

4 39.2 ' 2.08 IHmultiplet 
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5 
6 

'7 



9 

10 

1 ^ 

12 

13 

14 

15 

16 
17 

18 
19 
20 
21 
22 
23 

r 

2' 
3* 



83 9 
75 4 
37.7 

44.5 

219 4 
38 9 
69 1 
37 3 
77.4 
37.0 
25.2 

17.7 
24 2 

15.5 
9.3 
27.0 
18.0 
9.1 
9.3 
103.4 
70.9 
65.2 



3.59 IHd J =7.4 

1.99 IHmultiplet 
1 64 IHdd J = 15.0. 3.0 
.2 73 1H br doublet of pentets 

j=:ca. 7 0. 3.0 

2.97 1Hqd J =6.9. 11 
3.75 lHdd J = 10.2 + small 
1 62 1H multiplet 
5.39 1Hdd J = 9.3. 11 
2.60 lHbr sextet 
ca1.97 IHmultiplet 
ca 1 82 1H multiplet 
ca 1.83' 2H multiplet 
ca 1 .93 1 H multiplet 
ca1.75 IHmultiplet 
1.17 3Hd J = 7.1 
1.12 3Hd J = 7.5 
1.46 3Hs 
1.14 3Hd J = 7.1 
0.98 3Hd J =6.9 
0.81 3Hd J = 7.1 
4.43 1Hd J = 7.3 
3 27 IHdd J= 10.3.7.3 
2 64 IHmultiplet 
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4' 

5' 
6' 
7'.8' 
1" 
2" 

■3" 
4" 
5" 
6-' 
7" 
8" 



29 1 cai.72 iHmultiplet 

ca 1 .22 1 H multipiet 
68 '^ 3.52 iHbr sextet J=ca6.l 

21 0 1.23 3Hd J=61 

40.0 2.38 2x3Hs 

96.8 4.89 IHd J = 45 

3^* 7 2.38 IHmultiplef 

157 IHdclJ = 15.0. 5.0 

72.5 

8 3 02 IHd J = 9.2 

65 3 4 02 IHmultiplet 

"■6 2 129 3Hd J = 62 



21.2 



1.24 3Hs 



'♦SI 3 31 3Hs 



Example 7b - Preparation n1 ir^-rvc(obutvl-ervrhrnmvcin B u..;inn Q e rvthraaa MRRi p-.-.«/ pN.n-.n 
An experiment similar to example 7a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 7a. 

gxampig 9a - Preparation of 13-f3-ftiranvl)-efvthromvctn B .i«lnn s . r vthra^;. nrri p-^^p/ pir.. 

The culture S erythraea NRRL 2338/plG 1 was inoculated mto 50 mL tap water medium in a 
300 mL Erienmeyer flask After 72 hours .r,cubat,on at 28<C, this flask was used to inoculate 3 5 L 
of ERY-P medium in a 5 L minijar. The broth was incubated at 28^ with an aeration rate of 1 75 
L/min. 3-Furoic acid (1 4 g in 6 mL methanol) was added filter sterilised after 24 hours and the 
fermentation was continued for 138 hours After this time, the pH of the whole broth was adjusted 
to 8 5 with aqueous sodium hydroxide and then extracted with ethyl acetate (10 L) The ethyl 
acetate extract was concentrated to dryness giving the crude product as a gum (3.8 g, a pomon 
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5 
6 
7 



9 

10 

1 ^ 

12 

13 

14 

15 

16 
17 

18 
19 
20 
21 
22 
23 

r 
z 

3* 



83 9 
75 4 

37.7 

44.5 

219 4 

38.9 
69 1 
37 3 
77.4 
37.0 
25.2 

17.7 
24.2 



PCT/GB97/01810 

3.59 1Hd J =7.4 

1.99 1H mullipiet 

1 64 IHdd J = 15.0. 3.0 

2 73 1H br doublet of pentets 

j = ca. 7 0 3.0 

2.97 IHqd J = 6.9. 11 
3.75 1Hdd J = 10.2 + small 
1 62 1H multiplet 
5.39 1Hdd J = 9.3, 11 
2.60 iHbr sextet 

ca 1 .97 1 H multiplet 

ca 1 .82 1 H multiplet 

ca 1.83' 2H multiplet 

ca 1.93 1H multiplet 

ca 1.75 1H multipiet 



15.5 


1.17 3Hd .J = 7.1 


9.3 


1.12 3Hd J = 7.5 


27.0 


1 46 3Hs 


18.0 


1.14 3Hd J = 7.1 


9.1 


0.98 3Hd J =6.9 


9.3 


0.81 3Hd J = 7.1 


103.4 


4.43 IHd J = 7.3 


70-9 


3 27 IHdd J= 10.3.7.3 


65.2 


2 64 1H multiplet 
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4' 

5' 
6' 
T.Q' 
1" 
2" 

3" 
4" 
5" 
6" 
7" 
8" 



1 ca 1 72 iHmultiplet 

cai.22 IHmultiplet 

3.52 iHbr sextet J=ca. 61 
21 0 1.23 3Hd J = 6 1 

'♦O O 2.38 2x3Hs 

4.89 IHd J = 4 5 
^^"^ 2.38 IHmultiplet 

1.57 lHdclJ=15 0. 5 0 

72.5 

^ 3 02 1H d J = 9.2 

4.02 IHmultiplet 
"■^■^ 1 29 3Hd J = 62 

2 1 24 3Hs 

1 3 31 3Hs 



gxgmple 7b - Pmpgration of n-ryrlobutvl-ervthromynn B ...inn c; ^^ h .^p;, mrr, .<.^ p/pK,non 
An expenment similar to example 7a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 7a. 

Exgmple 33 ■ Prepgration of l3-n-fi .ranvl)-ervthrnmvrin B .....inn c; .n^n.^ ^^ ^Rp, p<,^»,p .^, 

The culture S erythraea NRRL 2338/plG 1 was inoculated into 50 mL tap water medium in a 
300 mL Erienmeyer flask After 72 hours incubation at 28<C. this flask was used to inoculate 3.5 L 
of ERY-P medium in a 5 L minijar The broth was incubated at 28'C with an aeration rate of 1 75 
L/min. 3-Furoic acid (1 4 g in 6 mL methanol) was added filter sterilised after 24 hours and the 
fermentation was cont.nued for 138 hours. After this time, the pH of the whole broth was ad,usted 
to 8 5 with aqueous sodium hydroxide and then extracted with ethyl acetale (10 L) The ethyl 
acetate extract was concentrated to dryness giving the crude product as a gum (3.8 g) A portion 
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of th.s extract (1 9 g) was dissolved in ethyl acetate (1 0 mL) and added to a prepacked silica gel 
cartr-dge (10 g; International Sorbent Technology) previously conditioned with ethyl acetate (10 
mL). The column was sequentially eluted with ethyl acetate (4 x 24 mL); 
d,chloromethane:methanol (9:1) (1 x 24 mL); dichloromethane:methanol (8:2) (2 x 24 mL); 
d,ch.oromethane:methanol:ammonia (80;19;1) (l x 36 mL): methanol (1 x 24 mL). Fracfons 8 and 
9 were combined and evaporated to dryness. This fractionation was repeated on the remaining 
1 .9g of gum. This enrichment step yielded a solid containing the desired product This was 
further purified by preparative reversed-phase HPLC using a Zorbax 7 .m ODS column (212 mm x 
25 cm) using a mobile phase of acetonitrile:0,05 M ammonium acetate (3:1 ) at 8 mLVmin. Fractions, 
containing the product of interest, from three separate in,ections were combined and evaporated 
to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 Ultrasphere 
ODS column ( 1 0 mm x 25 cm) using a mobile phase gradient of aceton,tnle:0.05 M ammonium 
acetate (28:72) to acetonrtrile:0.05 M ammonium acetate (50:50) over 18 minutes (fiow rate 4 
mL7min) Fractions, containing the product of interest, from three separate injections were 
combined and evaporated to dryness to give pure l3-(3-furany.)-erythromycin B as a white solid (9 
mg). The structure of the product was confirmed by mass spectrometry 
HPLC retention time - f^ethod A - 1 7.0 minutes 

APCI-MS - (M 1- H)" observed at m/e 756, required for C39H66NO1 3 - 756 
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Nmrdata 

Atom number 

1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
1 1 
12 
13 




Approximate '^C chemical 
shift, from 'H - '^C correlation 
data 
174.7 

44.4 

80.3 

39.5 

83.9 

75.0 

37.8 

44.8 
219.7 
39.2 
69.5 
41 4 
69.2 



M chemical shift and multiplicity 



2.93 1Hdq J = 8.1. 7.0 

4.14 IHd J = 8.1 

2.18 IHm J = 7.0, 7.2 

3.61 IHd J = 7.2 

2.07 IHdd J = 14.6. 113 

1.70 1H dd J = 14.6, not resolved 

2.78 IHbrm J = 1 1 3. 7.0. 2.2 

3.05 1 H dq J = 6. 9. not resolved 

3.95 1 H dd J = 10 0. not resolved 

1.88 IHdq J = 10.0. 7 0 

6 47 1H complex m 
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of this extract (1 . 9 g ) was dissolved in eihy. acetate ( 1 0 mL) and added to a prepacked silica gel 
cartridge (10 g; international Sorbent Technology) previously conditioned with ethyl acetate (10 
mL) The column was sequentially eluted with ethyl acetate (4 x 24 mL). 
d,chloromethane:methanol (9:1) (1 x 24 mL); dichloromethane:methanol (8.2) (2 x 24 mL): 
d,chloromethane.methano.:ammon.a (80:19:1) (1 x 36mL): methanol (1 x 24mL). Fractions 8 and 
9 were comt^ined and evaporated to dryness. This fractionation was repeated on the remaining 
1 gg of gum This enrichment step yielded a solid containing the desired product. This was 
further punfied by preparative reversed-phase HPLC using a Zorbax 7 ,m ODS column (21.2 mm x 
25 cm) using a mobile phase of acetonitrile:0.05 M ammonium acetate (3:1 ) at 8 miymin, Fractions, 
containing the product of interest, from three separate in,ect.ons were combined and evaporated 
to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 .m Uttrasphere 
ODS column (1 0 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M ammonium 
acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow rate 4 
mumin) Fractions, containing the product of interest, from three separate injections were 
combined and evaporated to dryness to give pure l3-(3-furanyl)-erythromycin B as a white solid (9 
mg) The structure of the product was confirmed by mass spectrometry 
HPLC retention time - Method A - 1 7.0 minutes 

APCI-MS - (M + H)* observed at m/e 756. required for C39H66NO1 3 - 756 
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Nmrdata 

Atom number 

1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
1 1 

^2 
13 




Approximate '^C chemical 
shift, from 'H - '^C correlation 
data 
174.7 

44.4 

80.3 

39.5 

83.9 

75.0 

37.8 

44.8 
219.7 
39.2 
69.5 
41 4 
69.2 



Chemical shift and multiplicity 



2.93 IHdq J = 8.1. 7.0 

4.14 1Hd J = 8.1 

2.18 1Hm J = 7.0. 7.2 

3.61 IHd J = 7.2 

2.07 1Hdd J= 14.6. 113 

1-70 1H dd J = 14.6. not resolved 

2.78 IHbrm J = 1 1 3. 7 0. 2 2 

3.05 1H dq J = 6.9. not resolved 

3.95 IHdd J = 1 0 0. not resolved 

1.88 1Hdq J= 10.0. 7 0 

6.47 1H complex m 
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14 138.3 



15 

16 

17 

18 

19 

20 

21 

22 

23 

r 
z 

3' 
4' 

5' 
6' 

7'. 8' 
1" 
2" 

3" 
4" 
5" 
6" 
7" 
8" 



124.3 
108.6 



PCT/GB97/01810 

7.31 1.H complex m J= 0.7. 1.8 
6.31 iH complex m. J = 1.8. 0 7 



142.8 iHt J = 1.8 

1.21 3Hd J = 7.0 
1.16 3Hd J = 70 



15.5 
8 7 

27 0 1 48 3Hs 



1-18 3Hd J = 7.0 

8 4 1.03 3Hd J = 6.9 

Q 7 0.88 3Hd J = 7 0 

103.3 • 4.^6 1Hd J = 7 4 

71 1 3.29 1Hm 

^ 2-60 IH broad m 

3 1.78 IHm 
124 1Hm 

68.8 3.54 IHm 

20 7 1-24 3H d (Obscured) 

40.0 2.39 2X3HS 

gee 4.88 iHbrd J = 49 

35 2 . 2.39 1Hm 

1.59 IHdd J =15 0.4.9 

71.7 

J J g 3.03 1 H d (obscured) 

ge ^ 4 03 iHdq J = 9.0. 6.1 

18.3 ^ 30 3Hd J=6 1 

21 2 ^26 3Hs 

49 1 3.33 3H s 
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• Assignments indicated with an asterisk maybe reversed 



Example 9b - Preparation of 13-f3-furanvH-ftnnhromvnn R n^, na S ^rvthrp pa nrRL gri.^fl/p Mn'^n 

An experiment similar to example 8a. using the culture S ery^hraea NRRL.2338/pND30. 
produces the compound exemplified in example 8a 

Exgmple 9a - Preparation nf 13-C Vclop r on vl- e rvthromvcin R usinn S ^n ^hr;, ea NRRI ^:^f^/ ^tn.. 

The culture S. erythraea NRRL 2338/plGl was inoculated mto 50 mL tap water medium in a 
300 ml Erlenmeyer flask. After 72 hours incubat.on at 28'C. this flask was used to .noculate 3.5 L 
of ERY-Pmedium Thiostreptone d 05 mg) was added immediately after sterilisation The broth 
was incubated at 26'^ with an aeration rate of 2 L/m.n and st.rnng at 500 rpm Cyclopropane 
carboxylic acid ( 1 .2 mL) was added after 24 hours and the fermentation was continued for 1 44 
hours. After this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (3 L). The ethyl acetate extract was concentrated to dryness 
giving the crude product as a gum (1 .7g). This extract (0.85 g) was dissolved in ethyl acetate (10 
mL) and added to a prepacked silica gel cartridge (10 g: International Sorbent Technology) 
previously conditioned with ethyl acetate (20 mL) The column was sequentially eluted with ethyl 
acetate (4 x 24 mL); dichlorom ethane :methanol (9.1) (1 x 24 mL): dichloro-methane methanol (8:2) 
(1 x24mL):dichloromethane:methanol:ammonia(80:l9:l) (3x24mL). methanol (l x 24 mL). 
Fractions 6-9 were combined and evaporated to dryness This fractionation was repeated on the 
remaining 0.85 g of gum. This enrichment step yielded a solid containing the desired product. 
This was further purified by preparative reversed- phase HPLC using a Zorbax 7 ODS column 
(21 .2 mm x 25 cm) using a mobile phase of acetonrtrile 0 05 M ammonium acetate (3 1) at 8 
mL^min Fractions, containing the product of interest, from 4 separate .n,ections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
Mm Ultrasphere ODS column (10mmx25cm) using a mobile phase gradient of acetonitrile 0 05 M 
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14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

r 

2' 

3; 

4* 

5' 
6' 

7'.8' 
1" 



4" 
5" 
6" 
7" 
8" 



138.3 
124.3 
108.6 
142.8 
15.5 
8 7 
27.0 
18.3 
8 4 
8 7 
103.3 
71 1 
65 1 
29 3 

68.8 
20.7 
40.0 
96-6 
35.2 

71.7 
77.8 
66 1 
18.3 
21 .2 
49 1 



7.31 1H complex m J= 0.7, 1.8 

6.31 1H complex m. J = 1.8. 0.7 

7.39 iHt J = 1.8 

1.21 3Hd J = 7.0^ ■ 

1.16 3Hd J = 70 

1.48 3Hs 

1.18 3Hd J = 70 

1.03 3Hd J=6.9- 

0.88 3Hd J = 70 

4.46 iHd J = 74 

3.29 iHm 

2.60 1H broad m 

1.78 IHm 

1.24 1M m 

3.54 IHm 

1.24 3H d (obscured) 

2.39 2x3Hs 

4.88 IHbrd J -4.9 

2.39 IHm 

1.59 IHdd J = 15.0. 4.9 

3.03 IHd (obscured) 

4 03 iHdq J = 9.0, 6.1 

1.30 3Hd J = 6 1 

1.26 3Hs 

3 33 3Hs 



SUBSTITUTE SHEET (RULE 26) 



wo 98/01571 



56 



PCT/GB97/01810 



• Assignments indicated with an asterisk maybe reversed 



Exgmpig 9b • Preparation nf 13-(3-furanvl).ervthromvr.n R n^. no S ^rvrhrap^ NRRt. P.^.^fl/p Nincr^ 

An experiment similar to example 8a. using the culture S erythraea NRRL.233a/pND30. 
produces the compound exemplified in example 8a 

Example 9a - Prepprfatinn nf t3-cvclonronvl-ervthromvc.n R u sing S Pry thr^^ ^a NRRI Tr^tr^R/ pim 

The culture S erythraea f^RRL 2338/plG 1 was inoculated into 50 mL tap water medium in a 
300 mL Erienmeyer flask. After 72 hours incubation at 28<C. this flask was used to inoculate 3.5 L 
Of ERY-P medium Thiostreptone (105 mg) was added immediately after stenlisation The broth 
was incubated at 2Q°C with an aeration rate of 2 L/m.n and st-rnng at 500 rpm Cyclopropane 
carboxylic acid (1.2 mL) was added after 24 hours and the fermentation was continued for 144 
hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (3 L). The ethyl acetate extract was concentrated to dryness 
giving the crude product as a gum (1.7 g). This extract (0.85 g) was dissolved in ethyl acetate (10 
mL) and added to a prepacked silica gel cartridge (10 g: International Sorbent Technology) 
previously conditioned with ethyl acetate (20 mL) The column was sequentially eluted with ethyl 
acetate (4 x 24 mL); dichloromethane:methanol (9.1) (i x 24 mL); dichloro-methane:methanol (8:2) 
(1 x24mL):dichloromethane:methanol:ammonia (80.19:1) (3 x 24 mL). methanol (1 x24mL). 
Fractions 6-9 were combined and evaporated to dryness This fractionation was repeated on the 
remaining 0.85 g of gum. This enrichment step yielded a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 ^m CDS column 
(21 .2 mm x 25 cm) using a mobile phase of acetonitrile 0.05 M ammonium acetate (3 1) at 8 
mL/min Fractions, containing the product of interest, from 4 separate in/ections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
Mm Ultrasphere CDS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile 0 05 M 
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ammonium acetate (28.72) to aceton,trile:0.05 M ammon.um acetate (50.50) over 18 minutes (flow 
rate 4 mUm.n) Fractions, containing the product of interest, from three separate .n,ections were 
combined and evaporated to dryness to give pure i3-cydopropyl-erythromyc.n B as a white solid 
(9 mg) The structure of the product was confimied by mass spectrometry 
HPLC retention time - Method A - 17.9 minutes 

APCI-IVIS - (M + H)^ observed at m/e 730. required for C38H68NO1 2 - 730 




7- 8' 



(7 




NMRdata; 

Atom number Approximate '^C chemical shift, from. 

- '^C correlation data 
176.4 



'H chemical shift and multiplicity 



1 
2 
3 
4 
5 
6 
7 



44.8 
80.3 
39.5 
83.7 
75.2 
38.0 



2.88 1Hdq J = 8.5. 7.1 

4.04 1Hdd J =8.5. 19 

2. 1 1 1 H br pentet J = ca 7 

3.58 1Hd J = 7.5 

2.02 1Hdd J = 14 7. 10 9 
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8 
9 

10 

11 
12 
13 
14 
15 

16 

17 

18 

19 
20 
21 
22 

r 

2' 
3* 
4' 

5' 
6' 

r,& 
1" 



45.1 
220.0 
39.0 
69 8 
40 4 
78 5 
13.2 

4 1 

2.7 

15.1 
9 3 
27.4 
18.3 
9 3 
9.3 
103.3 
71.0 
65.6 
29.0 

69 2 
20.9 
39 9 
97.1 



1.66 1H dd J=: 14.7. 2.8 
2.74 IHdqd J =10.9. 7 1.2.8 

3.01 IHmultiplet 

3.76 IHdd J = 10.d. ca14 

1.84 IH dqd J= 10.0. 6.9. 1.2 

4.68 IHdd J = 9.2. 1.2 

1.09 IHmultiplet 

0.51 IHmuftiplet 

0.42 iHmultipfet 

0.51 IHmuftiplet 

0.29 IHmultiplet 

119 3Hd J = 7.i 

1.14 3Hd J = ca7.l 

1 46 3H s 

1.16 3Hd J = 7,i 

1.001 3Hd J = ca7.2- 

0.998 3Hd J = ca69' 

4.43 IHd J = 7 2 

3.25. IHdd J= 10.3. 7.2 

2.54 IHbrddd J = ca 12.5. 10.3. 4 

1.69 IHmultiplet 

1.25 IHmuftiplet 

3.51 1H brdq J = ca 1 1. 6 

1.22 3Hd J = 6.2 

2.33 2x3Hs 

4.87 1H brd J=ca5 
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ammonium acetate (28:72) to aceton>trile:0.05 M ammon.um acetate (50 50) over 18 minutes (flow 
rate 4 mUmm) Fractions, containing the product of interest, from three separate in,ections were 
combined and evaporated to dryness to give pure 1 3-cyclopropyl-erythromycin B as a wh.te sol.d 
(9 mg) The structure of the product was confirmed by mass spectrometry, 
HPLC retention time - Method A - 17.9 minutes 

APCl-MS - (M + H)"" observed at m/e 730. required for C38H68NO1 2 - 730 



2 I 



HO, 




7- O- 



NMR data: 

Atom number Approximate '^C chemical shift, from 

- correlation data 
176.4 
44.8 
80.3 
39.5 
83.7 
75.2 
38.0 



'H chemical shift and multiplicity 



1 
2 
3 
4 
5 
6 
7 



2.88 1Hdq J = 8.5. 7.1 

4.04 IHdd J =8.5. 1.9 

2. 1 1 1 H br pentet J = ca 7 

3.58 IHd J = 7.5 

2.02 1Hdd J= 14.7. 10 9 
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8 
9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1* 

2* 

3' 

4' 

5' 
6' 
7\8' 
V 



45.1 
220.0 
39.0 
69.8 
40-4 
78 5 
13.2 

4 1 

2 7 

15.1 
9 3 
27 4 
18.3 
9 3 
9-3 
103.3 
71.0 
65.6 
29.0- 

69.2 
20 9 
39.9 
97.1 



1.66 1H dd 14.7. 2.8 
2.74 1Hdqd J = 10.9. 7 1. 2.8 

3.01 IHmultiplet 

3.76 1H dd J = 10.0*ca1.4 

1.84 IHdqd J= 10.0. 6.9. 1.2 

4.68 IHdd J = 9.2. 1.2 

1.09 IHmultiplet 

0.51 IHrnuftiplet 

0.42 IHmultiplet 

0.51 IHmurtiplet 

0.29 IHmultiplet 

1.19 3Hd J = 7 1 

1.14 3Hd J = ca7l 

1 46 3Hs 

1.16 3Hd J = 7.l 

1.001 3Hd J =:ca 7.2- 

0.998 3Hd J = ca6 9" 

4.43 IHd J = 72 

3.25 IHdd J= 10.3. 7.2 

2.54 IHbrddd J = ca 12.5. 10.3, 4 

169 IHmuitiplet 

1-25 IHmultiplet 

3.51 1H brdq J = ca 1 1. 6 

1.22 3Hd J = 6.2 

2.33 2x3Hs 

4.87 brd J = ca5 



SUBSTITUTE SHEET (RULE 26) 



wo 98/01571 



59 



PCT/GB97/0I810 



2" 



4" 

5" 
6" 
7" 
8" 



35 0 2.37 iHbrd J = ca. 15 

1,57 IHdd J = 15.1. 5.0 



3" 72.5 



73 1 ^ 3.01 IHbrd J = 9.2 

gg Q 4.02 lHdq J =9.2. 6.2 

3 1.28 3Hd J = ca6.2 

21 0 1 24 3Hs 

4g 3 3.32 3H s 



Assignments indicated wrth an astensk maybe reversed 



F.pmnt^ 9b - Preo^r.t.on of ir^.^vdo rr^p y'-^^nnhrnmynn B (..sing S- eryttirp^a NRRI ?339/pNP30 

An expenment similar to example 9a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 9a 

Fxample 10a - Prpnaratinn ot i3 - (i-mPihvHhin.ethvl>-en/thromvcin Rif^inq S prythraea NRRL 

The culture S. erythraea NRRL2338/plGl was inoculated into 1 L tap water medium in a 
2.8 L Fernbach flask. Thiostreptone (50 mg) was added immediately after inoculation. After 84 
hours incubation at 29»C. this flask was used to inoculate 8 L of supplemented ERY-P medium (50 
g/L Dextrose. 30 g/L Nutrisoy flour, 3 g/L ammonium sulfate. 5 g/L NaCI. 6 g/L CaCO^. 10 g/L 
sucrose. 5 g/L corn steep solids. 0.5 g/L MgSO. and 1 mL/L of P2000) .n a 14 L fermentor jar. The 
broth was incubated at 28''C with an aeration rate of 8L/min. stirring at 800 rpm and with pH 
maintained between 6.9 and 7 3 with NaOH or H^O, (15%) Methylthiolactic acid (3.2 mL) was 
added after 24 and 48 hours. Additional methylthiolactic acid (i 6 mL) was added after 120 hours. 
The fermentation was continued for 1 42 hours. After this time, the whole broth was centrifuged to 
yield centrate (34 L) which was loaded onto a XAD-16 resin column (600 mL. Rohm and Haas). The 
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resin column was then washed with water (18 L) and eluted wrth ethyl acetate (2.5 L). The ethyl 
acetate was partially concentrated (to 250 mL) and then the product of .nterest was extracted ,nto 
1 00 mM sodiur. phosphate buffer, pH 3 5(13 L). The product was transferred bacK ,nto ethy. 
acetate by adjusting the water to pH 9 with sodium hydroxide and then m.xing w,th ethy, acetate 
(450 mL). The erythromycin rich ethy, acetate layer was separated, evaporated to a gum (5 0 g) 

and then resuspended into 200/omethano, (l20mL)wh.ch was ,oadedontoaCG-l6l resin 
column ( 1 00 mL: Toso Haas) The resin column was sequentially eluted wrth 20% methanol (3 x 
1 00 mL), 40% methanol (3 x 100 mL). 60% methanol (3 x 100 mL), 80% methane, (3 x 100 ml) 
and neat methanol (4 x 100 mL) The neat methanol fract.ons 2 and 3. contam.ng the product of 
.nterest were evaporated to a sol.d (220 mg) and further punf,ed over a reversed -phase 10 ..m 
Kromas.1 C18 HPLC column (75 mm x 25 cm), us.ng a mobile phase of aceton,tnle.0.05 M 
ammon-um acetate with 0. i % trifluoroacetic ac.d grad.ent (32.68) to (38:62) over 60 m.nutes at a 
flow rate of 215 mL/min Fract.ons contam.ng the product of .meres, were combined (17 L). 
adjusted to PH 9 With sodium hydrox.de and extracted ,nto methylene chlonde (300 mL) The 
methylene chloride layer was separated and evaporated to dryness to y.eld pan,a„y pure product 
The preparative HPLC step and extraction step was repeated to obtain pure 1 3-(l -methylth.o- 
ethyo-erythromycin B (31 mg). The structure of the product was conf.rmed by MS and NMR 
spectroscopy (BrukerDIVIXSOO MHz spectrometer) as follows 
HPLC retention time - Method B - 14.9 minutes 

APCI-MS -(M+H)-^ observed at m/e 764. requ.red for C38H70NO1 gS - 764 



SUBSTITUTE SHEET (RULE 26) 



wo 98/01571 



PCT/GB97/01810 



59 



2" 



35 0 2.37 lHbrd J = ca. 15 

1.57 IHdd J = 15.1,5.0 



3" 72.5 
4" 



jQ 1 3.01 IHbrd J = 9.2 

g., QQ Q 4.02 IHdq J =9.2. 6.2 

g., 3 1.28 3Hd J = ca6.2 

J.. 21.0 ■' 24 3Hs 

g.. 3 3.32 3Hs 

Assignments indicated with an astensk maybe reversed 



5 



10 



15 



Pv.mnt^ 9b ■ PreD;»r.t.nn nf ,:,.r.^;r^or rr>r y<-^ry^^rnm^,c^n B ■,sinn S erythrgpa NRRI ?339/pND30 

An experiment similar to example 9a. using the culture S e^hraea NRRL 2338/pND30. 
produces the compound exemplified in example 9a. 

Pv^mniP. ^Q^.Prsp^r.unnn^ 1 .>,.f 1 ■r ->»«H YHHin.pthvh-ervthrnmvcin B usiPH S erythraeg NRRL 
2339/PlGI 

The culture S. erythraea NRRL 2338/plGl was inoculated into 1 Ltap water medium in a 
2.8 L Fembach flask. Thiostreptone (50 mg) was added immediately after inoculation. After 84 
hours incubation at 29»C. this flask was used to inoculate 8 L of supplemented ERY-P medium (50 
g/L Dextrose. 30 g/L Nutrisoy flour. 3 g/L ammonium sulfate, 5 g/L NaCI. 6 g/L CaCO, 10 g/L 
sucrose. 5 g/L corn steep solids. 0 5 g/L MgSO^and 1 mL/L of P2000) in a 14 L fermentor jar. The 
broth was incubated at 2B°C with an aeration rate of SLymin, stirring at 800 rpm and with pH 
maintained between 6.9 and 7 3 with NaOH or H^O. (15%) Methylthiolactic acid (3.2 mL)was 
added after 24 and 48 hours. Additional methylthiolactic acid (l 6 mL) was added after 120 hours. 
The fermentation was continued for 1 42 hours After this time, the whole broth was centrifuged to 
yield centrate (34 L) which was loaded onto a XAD-16 resin column (600 mL. Rohm and Haas). The 
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resin column was then washed with water (1 8 L) and eluted wrth ethyl acetate (2.5 L) The ethyl 
acetate was partially concentrated (to 250 mL) and then the product of .nterest was extracted ,nto 
100 mM sodium phosphate buffer. pH 3.5 (1 3 L). The product was transferred back .nto ethyl 
acetate by adjusting the water to pH 9 with sodium hydroxide and then m.xing w,th ethyl acetate 
(450 mL). The erythromycin rich ethyl acetate layer was separated, evaporated to a gum (5.0 g) 
and then resuspended .nto 20-/o methanol (120 mL) which was loaded onto a CG- 161 resm 
column (1 00 mL: Toso Haas) The resin column was sequentially eluted with 20% methanol (3 x 
100 mL). 40% methanol (3 x 100 mL), 60% methanol (3 x 100 mL), 80% methanol (3 x 100 mL) 
and neat methanol (4 x 1 00 mL) The neat methanol fractions 2 and 3. containing the product of 
interest were evaporated to a solid (220 mg) and further purified over a reversed-phase 10 urn 
Kromasil C18 HPLC column (75 mm x 25 cm,, using a mobile phase of acetonitnle.O.OS M 
ammonium acetate with 0. t % trifluoroacetic acid gradient (32.68) to (38:62) over 60 minutes at a 
flow rate of 215 mL7min Fractions containing the product of interest were combined (17 L). 
adjusted to pH 9 with sodium hydroxide and extracted into methylene chloride (300 mL). The 
methylene chloride layer was separated and evaporated to dryness to yield panially pure product 
The preparative HPLC step and extraction step was repeated to obtain pure 13.(1 -methylthio- 
ethyl).erythromycin B (31 mg). The structure of the product was confirmed by MS and NMR 
spectroscopy (BrukerDMXSOO MHz spectrometer) as follows 
HPLC retention time - Method B - 14.9 minutes 

APCI-MS - (M+H)"- observed at m/e 764. required for C38H70NO1 gS - 764 
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NMR data: 



Atom # 
1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
1 1 
12 
13 
14 



"C(ppm) 
221.08 
176.10 
103 42 
96.93 
84.31 
80.69 
78.30 
76.17 
75.75 
73 11 
71.23 
69 84 
69 03 
66.18 



# Attached 'H 
0 
0 



'H(ppm) 



0 
0 
1 
1 
1 
1 



4.49 
4.94 
3.63 
4.06 
3.07 
5.42 



3.32 
3.77 
3.56 
4.06 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 



65.99 

49.91 

45.62 

45.26 

40.61 

40.01 

39.60 

38 94 

38.44 

37 58 

35.47 

29.66 

27.70 

21.89 

21.77 

19.08 

18.92 

18.19 

16.29 

11.11 

10.16 

9.70 

9.62 



1 

3 
1 
1 

3. 

1 

1 

1 

2 

1 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 



2.68 
3.36 
2.74 
2.96 
2 46 
2.83 
2.14 
3.04 
2.03/1.70 

2 44 
2.41/1.63 
1.79/1.32 
1.51 
1 29 
1.28 
1.33 
1.20 
1.33 
1.23 
2.12 
1.07 
1.17 
0 90 



Example 10h . Preparation of 13-n-methvithio. q thvn-en/thrnmy ^ in B usmn 
233e/nNmn 



ervthraea NRRi 
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NMRdata: 



Atom # 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 



''C(ppm) 
221.08 
176.10 
103.42 
96.93 
84.31 
80.69 
78.30 
76.17 
75.75 
73.11 
71.23 
69 84 
69.03 
66.18 



# Attached 'H 
0 
0 



'H(ppm) 



0 
0 
1 
1 
1 
1 



4.49 
4.94 
3.63 
4.06 
3.07 
5.42 



3.32 
3.77 
3.56 
4 06 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 



65.99 

49 91 

45.62 

45.26 

40.61 

40.01 

39.60 

38.94 

38.44 

37.68 

35.47 

29.66 

27.70 

21.89 

21 . 77 

19.08 

18.92 

78.19 

16.29 

11.11 

10.16 

9.70 

9 62 



1 

3 
1 

1 
3 
1 



1 
1 
2 
1 

2 
2 
3 
3 
3 

3 

3 

3 

3 

3 

3 

3 

3 



2.68 
3.36 
2.74 
2.96 
2.46 
2.83 
2.14 
3.04 
2.03/1 70 

2.44 
2.41/1.63 
1.79/1.32 
1.51 
1 29 
1.28 
1.33 
1.20 
1 33 
1.23 
2.12 
1.07 
1.17 
0 90 
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An experiment similar to example 10a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example lOa. 

Py;,mnte 1 1 - Prpp^^ratif^n of iS- c yHoh. itvl-firvthromvctn B using S ftfythraga NRRL 2338 

The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 
mL Erienmeyer flask. After 48 hours incubation at 28-^. this flask was used to inoculate 50 mL of 
ERY-P medium in a 300 mL Erienmeyer flask. The broth was incubated at 28°C. Cyclobutane 
carboxyhc acid (20 mL) was added after 24 hours and the fermentation was continued for 168 
hours After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (50 mL). The ethyl acetate was separated and concentrated to 
dryness The sample was red.ssolved m methanol (1 mL) for HPLC-MS analysis This confirmed 
the production of 13-cyclobutyl-erythromycin B. by the untransformed, non-recombinant NRRL 
2338 as described in example 7 for the genetically-engineered strain containing the ayr loading 
module (NRRL 2338/plGI construct) 

HPLC retention time - Method A - 22 3 minutes 

APCI-MS - (M + observed at m/e 744, required for C39H70NO1 2 - 744 

Fxpmnle 12 - P rg p^rafnn of l3- r vr.ir>nrnnvl-ervthrr^mvcin B MSinq S prythrqft^ NRR|-g338 

The culture S erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 
mL Erienmeyer flask. After 48 hours incubation at 2&^. this flask was used to inoculate 50 mL of 
ERY-P medium in a 300 mL Erienmeyer flask The broth was incubated at 28'C. Cyclopropane 
carboxylic acid (20 mL) was added after 24 hours and the fennentation was continued for 1 68 
hours After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (50 mL). The ethyl acetate was separated and concentrated to 
dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis 
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This confirmed the production of 13-cyc,opropy.-erylhromyc,n B, by the untransformed 
non-recom.inant NRRL 2338 as descnbed .n example 9 for the genet.ca.,y-eng.neered stra,n 
containing the avr loading module (NRRL 2338/plGl construct) 

HPLC retention time - Method A - 17 9 minutes 



APCI-MS - (M + H)-" Observed at m/e 730. required for CaaHseNOi 



2 • 730 



The =u,,„,eS.^.raeaNHRU2338/p,G,„as,nc«.,e.,„,o50.Uap„a,.,.e.,un„„ 
3 . 300mL .r,en.aver„asK3 A.. 72 hours ,„c.ha„cn a, .8^ aach «ask „a. usa. ,o ,nocu,a,e 
.0 3 5L<„ERv.P,„ad,um,„3.5Lm,n„ars The .,o,h was ,ncuha,ed a, 38^ „,m an aa,a„on ra,e o. 
2 0 Uh„„ and s«r„„g a, 500 rp.. T„. feeds o, cyc^Putahe ca,boxy„c acid „ ,4 .L, were added 
a«er...p„sa„d4ehou,.and,he,e™en,a„on„ascon„nued<o, ,6ehcu,s A„enh,s,™e ,he 
PH p, ,he «ho.e brch was adjusted ,o 8 5 w„h apusous sod.u. h,d,px,de and ,he„ e^raced wi,h 
e.hy, ace,a,e ,20 u The e,h„ ex„ac, »as op^ed ,p dryness „v,ng ,he crude produc, as a 
15 gu,. ,9.2g, A pp„,p„ ,2.3g,d„h,se«rac„2 39, »as d.ssp.ved ,n e,hy, ace.a.e „2 and 
added ,p a prepacked silIca gefcartr^ge <,0g: ,n,erna„pna, Serpen, Technplpgy, p,ev,pus,y 
cPhdl^cned w„h e,hy, ace,a,e ,10 n,L,. The co,..n was se<,uen,.a.y a,u,ed wi,h e,hy, ace.a.e ,4 . 
24mL,: dlch,prome,hane™e.han„, ,9:1, (1 x 24 mL,: dlcn,prp,„e,hans „e,hanc, ,6 2, ,2 x 24 „,L, 
dlch,prpn,emane:n,e»,anp,:an,n,p„,a,80,,9:„(, x 24 mL, „,e,hano, „ x 24 mL,, F,ac«p„s6.8 
20 ware cpmPrned and evaporated ,p dryness. Th,s „ac.«=na.,pn was repeated pn ,he remaining 4,7g 
o-gun, This ennchn,en,s,ep yielded 4.5 mgp, a splid containing , he des,red prpduc, Th,swas 
further pu,,„ed by preparative reve,sad:phase HPLC us,ng a Zprbax 7,.n, ODS column ,2, , 2 mm x 
25 cm, ustng a mpp„e phase o, ace,on„rl,e:0,05 M ammonium acetate ,3 t, a, 8 mL/min Fraalons 
cpnta,nlng the prpduct p, Interest, trom 5 separate ,n,ec„ons were comb,ned and evaporated ,o 
35 dryness before repeat preparative reversed-phase HPLC ustng a BecKman 5 „m Ultrasphere OOS 
cplumn „o mm X 25 cm, us,ng a mpp.ie phase gradten, o, acetpn,tn,e:0,05 M amm„n,um acetate 
(28 72, to aceton„n,e:a05 ^ ammon,um acetate ,50:50, over ,8 mtnutes (tipw rate 4 mLym.n, 
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An experiment similar to example 1 0a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 10a 

Fxamole 1 1 - R ^ p^^ratinn of 13 -rvrlnh.itvl.ervthrnmvcin B u$|pq S efVthraga NRRL 2339 

The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 
mL Erlenmeyer flask. After 48 hours incubation at 28'C. this flask was used to inoculate 50 mL of 
ERY-P medium In a 300 mL Erlenmeyer flask. The broth was incubated at 26°C. Cyclobutane 
carboxylic acid (20 mL) was added after 24 hours and the fermentation was continued for 1 68 
hours After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 
dryness The sample was red.ssolved in methanol (1 mL) for HPLC-MS analysis. This confirmed 
the production of 13-cyclobutyl-erythromycin B. by the untransformed. non-recombinant NRRL 
2338 as described in example 7 for the genetically-engineered strain containing the ayr loading 
module (NRRL 2338/plGi construct) 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M + H)"^ observed at m/e 744, required for C39H70NO1 2 - 744 

Fy^mnie 12 - Pr *> r=^r;,i.nn nf i3. c Yntnnrnnvl-ervthromvcin B gsjnq S PfYthr?<fiq NRRL 2339 

The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 
mL Erlenmeyer flask. After 48 hours incubation at 28«C. this flask was used to inoculate 50 mL of 
ERY-P medium in a 300 mL Erlenmeyer flask. The broth was incubated at 28'C. Cyclopropane 
carboxylic acid (20 mL) was added after-24 hours and the fernientation was continued for 1 68 
hours After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (50 mL). The ethyl acetate was separated and concentrated to 
dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis 
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This comim-ea the production of .3-cvclopropy,.e,v,h™mycin 6, by ,he umranaormed 
. no„.,«„.«„an, NPRt 2338 as de^n,^ ,„ exa.p,e 9 ,0, ge„e,.aHv.eng,„eered s,ra,n 
containing the isl loading nnodute (NRRL 233e/plG1 construct) 
HPLC retention time ■ Method A - 17 9 minutes 

5 "''^'■"^■|"*"'*°''^«veaaln,/e730.requ,redlorC3eH6eNO,2.730 

gxar^pi, ■ pr. nv. tpn o, ,3.cv.|n„„n..e„.h rnmvc ■^a^^amm^.^aaLfflMa^ 

The culture S. erythraea NRRL 2338,p,G, „as .nocuiated ,„to 50 mL tap water medium ,n 
3 X 300 mL Erisnmever tiasKs Atter 72 hours incubation at 28^, each tias. was used to inoculate 
10 3. 5 L o, ERV.P medium In 3 . 5 L min,)ars The broth was incubated at 2e.C with an aeration rate o, 
2 0 um,n and stirnng a, 500 rpm. Two teeds o. oyCobutane carboxy„c acid <, 4 mL, were added 
a«er24hou,sand4ehoursand,he,srmentat,onwascontin„ed,o, taenours A„er,h,s„me the 
PH o, the Whole broth was ad,usted ,o 6 5 with apueous sodium hydroxide and then extracted with 
ethy, acetate ,20 L, The ethy, extract was concentrated to d^ness giving the crude product 
15 gum (9.2g, A portion ,2 3 g, ot this axtract(2.3 g, was dissolved ,„ ethyl acetate „ 2 5 mL, 
added to a prepacked silica gel cartrage „0g: Imernatibna, Sorbent Technology) previously 
oond.ioned with eth,. acetate „0 mL). The column was segue„„a.y ^uted with ethy, acetate <4 x 
24 mL,; d,ch,o,om«hane:methano, ,9„ (1 x 24 mL). dichloromethane methanol (8 2, ,2 x 24 mL) 
dlch,orome,hane.m,thano,:ammonla,80:,9:,)„ x 24 mL). methanol (■ x 24 mL). Fractionse-S 
=0 were combined and evaporated to dryness This tractionation was repeated on the remaining 4. 7g 
ofgum This ennchmem step yielded t- 5 mg of a solid containing the desired product Thi 
funner purified by preparative reversed-phase HPLC using a Zorbax 7,.m ODS column (2, .2 
=5 cm, using a mobite phase of aoetb„,tri,e:0 05 M ammonium acetate <3 , ) a, 8 mt^mln. Fractions 
containing the product 0, Interest, from 5 separate iniections were combined and evaporated to 
:5 dryness before repeat preparative reversed-phase HPLC using a BecKman 5 ,.m Ultrasphere ODS 
column „0 mm X 25 cm) using a mobile phase gradient of acetonitr,le:0.05 M ammon,um acelate 
(28 72) to aceton„r„e:0 05 ammon.um acetate (50:50) over ,8 minutes (tow rale 4 mumin, 
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Fractions, containing the product of interest, were combined and evaporated to dryness to give a 
pure white solid (4 mg). The structure of the product was confirmed by MS and NMR spectroscopy 
as follows: 

HPLC retention time - Method A - 1 7.5 minutes 

APCI-MS - (M + observed at m/e 760. required for C3gH;oNOi3 - 760 



O 




Nmrdata: 

Atom number Approximate '^C chemrcal shift, from 'H - chemtcal shift and multiplicity 

correlation data 



1 


176.1 




2 


44 7 


2.88 IHmuttiplet 


3 


79.8 


3.99 IHmultiplet 


4 


39.3 


1.97 IHmurtiplet 


5 


83.4 


3.57 1Hd J = 7 6 


6 


75.4 




7 


38.3 


1.92 IHmuitiplet 



1 72 IHmultiplet 
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8 

9 

10 

1 1 

12 

13 

14 

15 

16 

1 7 

18 
20 
21 

r 

2' 
3* 
4* 

5* 
6' 
7'. 8' 
1" 
2" 



45.1 
222.5 
37 4 
69.1 
76.1 
77.1 
34.8 
26.7 

18.8 

24.8 
15.8 
26.9 
18.1 

103.0 

71.0 

65.3 

28.7 

69.2 
21 3 
40.0 
96.3 
34.7 

73.0 



2.70 iHmuftiplet 

3.07 1Hbrqj = 7 0 
3.77 1Hbrs 

5.10 IHd J = 7.1 
2.86 iHmuttiplet 
1.98 iHmultiplet 
180 IHmuttipiet 

1.88 iHmultiplet 
1.71 IHmuttipiet 

1.89 2H multiplet 
1.19 3Hd Jr:7.0 
1.47 3Hs 

1.16 3Hd J = 7.0 

4.42 IHd J = 7.2 

3.24 IHdq J = 10.4. 7.2 

2.51 IHmultiplet 

1.68 IHmuftiplet 

1.26 IHmultiplet 

3.49 IHmuftiplet 

1.23 3Hd J = 6.2 

2.38 2x3Hs 

4.89 IHd J=4.5 

2.38 IHmuftiplet 

1 57 1H dd J = 15 0. 5 0 
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Fractions, containing the product of interest, were combined and evaporated to dryness to give a 
pure white solid (4 mg). The structure of the product was confirmed by MS and NMR spectroscopy 
as follows: 

HPLC retention time - Method A - 17.5 minutes 

APCI-MS • (M + observed at m/e 760. required for C^H^oNOa - 760 



O 




Nmrdata: 

Atom number Approximate '^C chemical shift, from 'H - chemical shift and multiplicity 

correlation data 



1 


176-1 




2 


44.7 


2.88 iHmuttiplet 


3 


79.8 


3.99 IHmultiplet 


4 


39.3 


1.97 iHmurtiplet 


5 


83.4 


3.57 1Hd J = 7.6 


6 


75.4 




7 


38.3 


1.92 IHmultiplet 



1 72 IHmultiplet 
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8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 
18 
20 
21 
V 
2* 
3' 
4' 

5' 
6' 

7\a' 
1" 

2" 



45.1 
222.5 
37 4 
69.1 
76.1 
77.1 
34.8 
26.7 

18 8 

24.8 
15.8 
26.9 
18.1 

103.0 
71.0 

. 65.3 

28.7 

69.2 
21 3 
40.0 
96.3 
34.7 

73.0 



2.70 iHmultipiet 

3.07 1Hbrqj = 70 
3 77 IHbrs 

5.10 IHd J = 7.1 
2.86 IHmuttiplet 
1.98 iHmuftiplet 
180 IHmuttiplet 

1.88 IHmultipiet 
1-71 IHmultipiet 

1.89 2Hmultiplet 
1.19 3Hd J:=7.0 
1.47 3Hs 

1.16 3Hd J = 7.0 

4.42 IHd J = 7.2 

3.24 1Hdq J = 10.4. 7 2 

2.51 IHmultipiet 

1.68 IHmuttiplet 

1.26 IHmultipiet 

3.49 IHmuttiplet 

1.23 3Hd J = 6.2 

2.38 2x3Hs 

4.89 IHd J = 4.5 

2.38 IHmultipiet 

1 57 IHdd J = 15 0. 5 0 
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4.. 0 3.02 IHd J = 9.4 

5., gg g 4.00 IHmultiplet 

g.. -IQ 4 1.29 3Hd J = 6.2 

7.. 21 3 1.24 3Hs 

g.. 49 4 3.32 3Hs 

Fxamale 13b • Preparation of i3.cvcloh ^ itvl-ftrvthro r r.vf^in A using S ervthraea NRRL 2339/pND3C) 
An experiment similar 10 example 13a; using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 13a 

Example 14a - Preparation nf i3-cvcloor o ryi-prvthromvcin A using S erythraeq NRRL 2339/plG1 
Six 2800 mL Fernbach flasks were inoculated with S. erythraea NRRL 2338/plGl . Each 
flask contained 1 L of tap water med-um with 50 mg of thiostreptone added to each flask. After 24 
hours of incubation at 28°C. 200 ppm of cyclopropane carboxylic acid was added to each flask. 
The flasks were incubated for 90 hours and composited into a stenle. 8 L aspirator bottle. The 
aspirator bottle was used to inoculate 314 gallons of ERY-P medium in a 500 gallon pilot vessel. 
The broth was incubated, run at 27X to 29"'C. at a pH ranging from 6.7 to 7.4. with an aeration rate 
of 20 standard cubic feet/min and stirring at 1 75 rpm. Cyclopropane carboxylic acid (200 mg/L) was 
added after 33 hours. 81 hours and 1 17 hours The fermentation was continued for 198 hours. 
After this time, the whole broth was filtered over a 0.2 /ym, ceramic fifter (30 ft^ U.S. Filter). The 
filtrate was loaded onto an XAD-16resin column ( 12 L: Rohm and Haas). The resin column was 
then eluted with ethyl acetate (60 L) The ethyl acetate was concentrated to a gum (302 g) to 
which 2 L of methylene chloride was added The resulting methylene chlonde solution was 
washed with 8 L of 250 mM sodium bicarbonate buffer. pH 9 The erythromycin rich methylene 
chlonde layer was separated, evaporated to a gum (200 g). and then resuspended into 40% 
methanol (1 OL) which was loaded onto a CG- 161 resm column (9 L, Toso Haas). The resin column 
was washed with 40% methanol (30 L) and sequentially eluted with 75% methanol (8 x 1 0 L) and 
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neat methanol (3 x 10 L). The 75% methanol fract.ons 5 through 8, containing the product of 
interest, were comb.ned. and evaporated to 3.2 L The concentrate was adjusted to pH 9 and 
added to 0.95 L of methylene chlonde. The methylene chlohde layer was separated and 

evaporated to yield 12.4gofagum Part Of thegum(sixgrams,wasfu.her purified hy preparative 
5 reversed-phase HPLC us.ng a Kromas., 1 0 ,.m C18 HPLC column (75 mm x 25 cm. using a mo.,le 

Phase Of methanol:0.05 M ammon.um acetate w.th 0. 1 o/, trifluoroacet.c ac.d .socaranc (50.50) at a 

flow rate of 21 5 ml7min. Fractions containing the product of .nterest were combined (230 mL) 

evaporated to a concentrate (t 10 mL).ad|usted to pH 9 w,th sod.um hydrox.de. and extracted into 

methylene chlonde (50 mL, The methylene chloride layer was separated and evaporated to 

' dryness to yield 630 mg of part,al.y pure product Another port.on of the gum (one gram, was 

further punned by preparative reversed-phase HPLC us,ng a MetaChem .nehs.l 10 .m C8 column 

(50 mm X 25 cm, us,ng a mobile phase of acetonitnle 0. 05 M ammon.um acetate with 0 1% 

trifluoroacetic acd gradient (20:80, to (25 75) over 50 m.nutes at a flow rate of 125mL.m.n 

Fract,ons. contaming the compound of -merest (28-46 minutes,, were comb.ned. saturated w.th 

sodium bicarbonate and extracted with methylene chlonde The methylene chlorioe was 

separated and evaporated to dryness to yield 361 mg of pamally pure product. A poa,on of these 

partially pure materials was further purrfied by reversed-phase HPLC as exemplified by 

Phenomenex Prodigy 10 urn CI8 column (50 x 250 mm) us,ng a mob.le phase of methanol:0.05 M 

ammon.um acetate with 0. 1 % trrfluroacetic acid isocratic (50:50, at a flow rate of 100 mLym.n 

Fractions, contain.ng the product of interest (27-31 minutes), were combmed. saturated w.th 

sodium bicarbonate, and extracted wrth methylene chloride The methylene chloride was 

separated and evaporated to dryness to yield partially pure product Matenal was further purified by 

preparative reversed-phase HPLC using a Phenomenex Prod.gy 10 .m CI8 column (50mm x 25 

cm, using a mobile phase of methanoi:0.05 M ammonium acetate w.th 0 1 tnfluroacet.c acd 

isocratic (48:52) at aflow rateof lOOmL/min Fractions contain.ng the product of .nterest (41-45 

minutes, were combined, saturated with sodium bicarbonate, and extracted w.th methylene 

Chloride. The methylene chlonde was separated and evaporated .0 dryness to yield 13- 
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4.. 78.0 3.02 iHd J = 9.4 

5.. 5 4 00 iHmultiplet 

g.. 18.4 1.29 3Hd J = 6.2 

7.. 21.3 "I 24 3H s 

8" 49 4 3 32 3H s 

Example 13b - Preparation ni la-cvclohiitvl-ftrvthro mvcin A using S ervthraea NRRL 2339/pND3Q 
An experiment similar to example 13a; using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example I3a. 

Example 14a - Preparation of i3-cvcloD rnpvl-prvthromvcin A using S. erythraea NRRL 2339/p"31 
Six 2800 mL Fernbach flasks were inoculated with S. erythraea NRRL 2338/plGi Each 
flask contained 1 L of tap water medtum with 50 mg of thiostreptone added to each flask. After 24 
hours of incubation at 2B'C. 200 ppm o( cyclopropane carboxylic acid was added to each flask. 
The flasks were incubated for 90 hours and composited into a stenle. 8 L aspirator bottle. The 
aspirator bottle was used to inoculate 314 gallons of ERY-P medium in a 500 gallon pilot vessel. 
The broth was incubated, run at 27X to 29°C. at a pH ranging from 6.7 to 7.4. with an aeration rate 
of 20 standard cubic feet/min and stirring at 1 75 rpm. Cyclopropane carboxylic acid (200 mg/L) was 
added after 33 hours. 81 hours and 1 17 hours. The fermentation was continued for 198 hours. 
After this time, the whole broth was filtered over a 0.2 //m, ceramic fitter (30 ft». U.S. Filter). The 
filtrate was loaded onto an XAD-16 resin column ( 12 L; Rohm and Haas) The resin column was 
then eluted with ethyl acetate (60 L). The ethyl acetate was concentrated to a gum (302 g) to 
which 2 L of methylene chloride was added. The resulting methylene chloride solution was 
washed with 8 L of 250 mM sodium bicarbonate buffer. pH 9. The erythromycin rich methylene 
chloride layer was separated, evaporated to a gum (200 g). and then resuspended into 40% 
methanol (10 L) which was loaded onto a CG-161 resin column (9 L. Toso Haas). The resin column 
was washed with 40% methanol (30 L) and seguentially eluted with 75% methanol (8 x 1 0 L) and 
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nea, msthan., ,3 „0 L, The 75% ™,hano, fraaions 5 though 8, con,a<n,„g ,he „c.« o, 
imeres,. «ere comb,ne«. an. evaporate. ,o 3.2 U The concemrate was a*s.e. ,o pH 9 an. 
added ,0 0,95 L p, meth^ene chlonde. The methylene chlphde layer *as separated and 
evaporated to yield ,2.4 , o, a gun,. Pah o„he gum (sixgrams. was ,u.her pun.ed Py preparative 
^ reversed-phase HPCC u.hg a K,o„,a., ,0 „m Cte HP.C column ,75 mm . 25 cm,, using a moP„e 
Phase o. methanol:0 05 M ammonium acetate with 0 , % tritiuoroacetic acd Isocaratic ,50 50, a, a 
-low rate o, 2,5 mumln. Fractions containing the product o, Interest were compined ,230 mL, 
evaporated to a concentrate ,, ,0 mg.adiuated to pH 9 w,m sod,um hydrox,de. and e«rac,ed into 
meth^ene chlonde ,50 mL, The meth^ene chloride layer was separated and evaporate to 
■ dryness ,0 yieid 630 mg o, partially pure product. Another ppr„on o, the gum (one gram, was 
.unher purged P, preparative reversed-phase HPLC us,,^ aMetaCham inehsll to .„m C8 coiumn 
(SO mm X 25 cm, us,ng a moPile phase o, aceton„r„e:0. 05 M ammoh,um acetate w„h 0 , % 
trmuoroacetlc acid gradient ,20:30, to (25 75, over 50 m.nutas a. a tow rate o. ,25mUn,n 
Fractions, containing the compound o, interest ,28-46 minutes,, were comp,ned, saturated with 
sodium Bicarbonate and extracted with methylene chloride The methylene chlorioe was 
separated and evaporated to dryness to yield 36, mg o, pahlaiv pure product. A ponion o, these 
pa-tlally pure materials was turther purrtied by reversed-phase HPLC as exemplltied by 
Phenomenex Prodig, to „m C,e column (50 x 250 mm, using a moP„e phase o, methanol 0 05 M 
ammonium acetate with 0. t % trttluroacetlc acid Ispcratio ,50 50, at a ttow rate o„00 mLMtin 
Frac.«,ns. cohtalning the product o, Interest ,27-3, minutes,, were combined, saturated with 
sodium bicarbonate, and extracted with methylene chloride The methylene chloride was 
sepatated and evaporated to dtyneas to yield pamatly pure product. Matenal was tuhher puntled by 
preparative reversed-phas, HPLC using a Phenomenex Prodigy ,0 „mC, 8 column ,50mm x 25 
cm, using a mobile phase o, methahol:0.05 M ammonium acetate w,th o ,% trinuroacet.c acd 
i=oc'atic,48 52,at attowrateol lOOmLVmln Fractions contalnrng ihe produc, o, interest ,.,^5 
minutes, were combined, saturated with sodium bicarbonate, and extracted with methytene 
chtorlae. The methytene Chloride was separated and evaporated to dryness to yield ,3- 
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cyclopropyt-erythromycn A as a solid (20 mg) The structure of the product was confirmed by MS 

and NMR spectroscopy (Bruker DMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 5.6 minutes 
APCI-MS - (M+H)* observed at m/e 746. required for C3BHeBNO,3 - 746 




NMR data- 



Atom # 
1 
2 
3 
4 
5 
6 
7 
8 
9 



"C (ppm) 
222.41 
175.88 
103.63 
96.75 
83.92 
80.25 
78.52 
78.42 
75.99 



^ Attached 'H 
0 
0 



^H(ppm) 



4 45 

4.92 

3 60 
4.02 

4 74 
3 05 
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10 

1 1 

12 

13 

14 

15 

16 

1 7 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 



75.49 

73.05 

71.31 

69.46 

69.39 

66.02 

65.95 

49 93 

45.47 

45.23 

40.70 

40 00 

38 94 

38.46 

35.38 

29.07 

27.36 

21 94 

21.84 

19.08 

18.69 

17.38 

16.11 

12.38 

10 64 

9 60 

4 23 



0 
0 



3 

1 

1 

1 

1 

2. 

1 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 

2 



3.27 
3.84 
3.52 
4 04 
2 49 
3.36 
2 74 
2 89 
2.34 
2.02 
1-96/1 76 

3 15 
2.41/1.61 
1.71/1.28 
1 50 
1.28 
1.26 
1-32 
1 21 
1.31 
1.21 
1.20 
1 20 
1 16 
0.67/1.33 
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cyctopropyl-erythromycin A as a solid (20 mg). The structure of the product was confirmed by MS 
and NMR spectroscopy (Bruker OMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 5.6 minutes 

APCI-MS - (M+H)^ observed at m/e 746. required for CaHesNOia - 746 




NMR data: 



Atom # 
1 
2 
3 
4 
5 
6 
7 
8 
9 



^^C (ppm) 
222.41 
175.88 
103.63 
96.75 
83.92 
80.25 
78.52 
78.42 
75.99 



n Attached 'H 
0 
0 
1 



*H(ppm) 



4 45 

4.92 
3.60 
4.02 
4 74 
3.05 
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10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 



75.49 

73.05 

71.31 

69.46 

69.39 

66 02 

65.95 

49 93 

45.47 

45.23 

40.70 

40.00 

38.94 

38.46 

35.38 

29.07 

27 36 

21 94 

21.84 

19.08 

18.69 

17.38 

16.11 

12.38 

10 64 

9 60 

4 23 



0 
0 



2 
1 

2 
2 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 
2 



3.27 
3.84 
3.52 
4.04 
2 49 
3.36 
2 74 
2 89 
2.34 
2.02 
1 96/1 76 

3 15 
2.41/1 61 
1.71/1.28 
1 50 
1.28 
1.26 
1.32 
1.21 
1.31 
1.21 
1.20 
1 20 
1 16 
0 67/1 33 
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37 



1 64 2 0.47/0.32 



Fxamale 14h - Preparation of ^3-cvc\Q prop y^-enA hrnmycm A tisina S. ervthraea NRRL 
2338/DND30 

An experiment similar to example 14a, using the culture S erythraea NRRL 2338/pND30, 
produces the compound exemplified m example 14a. 

Fxample 15a - Preparation of 13- (3-thien v i^«^rvthromvcln B using S. erythraga NRRL g339/plg 1 

The culture S erythraea NRRL 2338/plGi was inoculated into 50 mL tap water medium in a 
300 mL Erienmeyer flask After 48 hours incubation at 28°C, 5 mL of this inoculum was used to 
inoculate 50 mL of ERY-P mediun in a 300 mL Eriemneyer flask The broth was incubated at 28°C. 
The N-acetyl cysteamine thioester of 3-thiophene carboxylic acid (20mg in 0.5 mL of methanol) 
was added filter sterilised after 24 hours and the fermentation was continued for 168 hours. After 
this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and then 
extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 
dryness. Thesample wasredissoived in methanol(1 mL) for HPLC-MS analysis. This confirmed 
the production of 13-(3-thienyl)-erythromycin B. 

HPLC retention time - Method A - 20.0 minutes 

APCI-MS - (M + H)' observed at m/e 772, required for C^HaBNOoS - 772 

Example 15b - Prsnaration of 13- f3-thienvn -prvthrnmvcin R using S. erythraea NRRL 2339/pND3Q 

An experiment similar to example I5a, using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 15a 

Fxamole 16 • Prer^aration of R-deoxv- 13-CY r'"P'T) pv'-ervthrnmvcin B using S erythraea NRRL 
18643 
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The culture S erythraea NRRL 18643, an eo^Fmu.ant of S erythraea (Science 252 1 14 
5 Apri, 1991, was .nocu.ated into 1 L tap water .ed.ur. in a 2.8 L Fern.ach flask. Cyclopropane 
carPoxyllc acid (200 nL) was added arter 24 hours incubation at 29=C w.th 200 rp. ag.at,on After 
three (3) days total incubation, one flask was used to -noculate 8 L of supplemented ERV-p 
S medium (60 g/L cerelose, 30 g/L Nutrisoy flour. 3 g/L (NH0,SO. 5 g/L NaCi. 6 g/L corn steep 

solids. 0.5 g/L MgSO. and 1 .UL P2000, in 14 L fermentor ,ars T.e broth was .ncubated at 28»C 
w«h an aeration rate of 8 L/min. stirring at 800 rpm and with pH ma.ntained between 6 9 and 7 3 

w.thNaOHorH^O.(l5%).Cyc,opropanecarbo>cy,icacid(16mL)wasaddedafter24and48 
hours The fermentation, done in duplicate, was ha.ested after 163 hours total .ncubat.on „me 
The pH Of the whole broth was adjusted to 9 w.th sod.um hydrox.de. and the broth was extracted 
wrth ethyl acetate (16 L). The ethyl acetate was concentrated to an o.l .n a 20 L Buch. 
rotoevaporat-on unit The o,. was red.ssolved w.th 500 mL of methylene chloride F.ve hundred 
mL Of water was added to th.s l,gu,d. and the pH of the aoueous phase was adjusted to 9 w.th 1 0% 
ammon,um hydrox.de. After shak.ng v.gorous.y. the methylene ch.onde layer was collected, and 
evaporated ina 1 Lrotoevaporationflask to yeld 1 1 0 g of o.ly residue: This matenal was d.ssolved 
w.th 250 mL Of a 4 6 methanol. water solution, and loaded onto an 80 mL CG-161 res,n column 
(Toso Haas) Thecolumn was washed wrth 350 mL of 4:6 methanol water so/ut.on The column 
was then briefly washed at 8 mLVm.n w,th a 7.3 methanol: water solu^on. unt,l coloured .mpurifes 
began to elute from the column (approximately 2 bed volumes wash) At th,s t.me, a i hour 
gradient run was .nitiated. with the concentration of methanol changmg from 70o/„ to 1 00%. over a 
1 hour period, at a flow of 8 mLym,n. The fract,on conta.n.ng the product of interest was evaporated 
to dryness and further purified on a reversed-phase 1 0 .m Kromasil C 1 8 HPLC column (50 mm x 
25 cm,, using a mobile phase of acetonitrile:buffer cons,st,ng of O.Ol M ammon.um acetate. 0 02% 
trifluoroacetic acid, and 26% acetonithle (5:95) for 50 m.nutes at a flow rate of 1 20 mL/min Th.s 
was followed by a linear grad.ent from (5.95, to (33:67, over ,he next 40 minutes Frac.ons 
contain.ng .he product of interest were comb.ned (530 mL). adjusted to a pH of 9 w.th 10% 
ammon.um hydrox-de, and extracted ,nto methy.ene ch.onde (400 mL, The methylene chlor.de 
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Fxamole 14b - Preparation nf 1 ::i.rvdQDr o p Yi-flrvthromvcin A using S erytfirgga NRRL 

An experiment similar to example I4a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified m example I4a. 

Fxamole 15a - Prsnaration of rr^-thienvn - ^rythmmvcin B using S. erythr^e^ NRRL 2339/piqi 

The culture S. erythraea NRRL 2338/plGi was inoculated into 50 mLtap water medium in a 
300 mL Erienmeyer flask. After 48 hours incubation at 28°C. 5 mL of this inoculum was used to 
inoculate 50 mL of ERY-P mediun in a 300 mL Eriemneyer flask The broth was incubated at 28«C. 
The N-acetyl cysteamine thioesler of 3-th.ophene carboxylic acid (20mg in 0.5 mL of methanol) 
was added filter sterilised after 24 hours and the fermentation was continued for 168 hours. After 
this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and then 
extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 
dryness. The sample was redlssolved m methanol (1 mL) for HPLC-MS analysis. This confirmed 
the production of 13-(3-thienyl)-erythromycin B. 

HPLC retention time - Method A - 20.0 minutes 

APCI-MS - (M + H)' observed at m/e 772. required for CsHeeNOoS - 772 

Fxamole 15b - Prpn^iratinn of i'^- fr^-thiflnvn- e rv t hr omycin g using S erythrgea NRRL 2338/pND3Q 

An experiment similar to example I5a, using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 15a 

Example 16 • Prpn;.ratlon of 6-rtPnxv1 S-cvci f^nrnpyl-e rythrgrTiVCtn B uginq S firythrge? NRRL 
18643 
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The cu«u,. S «^^aea NHRL ,a643. an eo'^.u.an, o. S e^.,aea (SCence 252 „ 4 
5 Ap,,, ,99,, was .noculateo ,„,o , L ,ap „a,er .e... in a 2 s u Fernbac „asK. Cyclopropane 
carpoxwc aco ,200 .L, was aa»ad a«er 24 hours lnouPa,,on a, 29-C „„h 200 rpn, a.«a„o„ Mer 
three ,3) flays ,o,a, IncubaBon, one «as. was use. ,o ,nocu,a,e 8 L o, supp,eme„,e<. ERV-P 
5 n,ea,un, ,60 ceretoee. 30 ^ Nutnsoy *ur, 3 (NHJ^o., 5 g/L NaC,. 6 g/L corn s,eep 

so«.s. 0.5 g/L ^,gSO. an. , .UL P2000, In ,4 L ,er,nen„r,ars TnePro,H was ,ncuPa,eo a, 28-0 
w* an aera„on ra,e o, 8 Umln, s„rrlng a, 800 rpm an. „l,. pH „a,n,a,ne. Pe,ween 6 9 an. . 3 

w„hNaOHorH^O.n5%,,Cyclopropanecar«^icaa.„6n,L,„asa..e.a«e,24a„.4a 
hours The ,e,men,a,lon. *,ne .n .uplicale. wa= r,arves,e. arier ,63 hours ,o,a, IncuPa.ion .n,e 
The PH o, me Whole p,o,h was a.jus,e. ,o 9 w„h ^Cum hy.rox,.e an. .he Prom was ex,ra=,e. 
w«h ethy, aceta,e „6 L) The e»,yl ace,a.e was concentrated ,p an o„ ,n a 20 L Buch, 
ro,oevapora.on unl, The o,, was re.,ssolv«, w* soo o, n,e,h>,ene chloride Rve hunore. 

0, waler was a..e. ,o ,h,s l„„«. an. ,he pH o, .he aouaous phase was a.,us,ec .o 9 w„h ,0«. 
ammonium hy.rox,.e A«er shading y,gorously. .he methylene chlon.e layer was collece. an. 
evapora.e.lna, Lro.oeyapora,ion,lask.o.el. „ 0 g o, olly resLue: Th,s n,a,er,a, was oissolve. 
w* 250 n,L o. a 4 6 n,e,hano,™a», solullon. an. ,oa.e. omo a„ 80 mL CG-,6, res,n column 
(TosoHaas, Theco,umnwaswashedw«h350mLo,4:8me,hanol:wa.ersolu.,on The column 
was ,hen Prlelly washed a. 8 mumin w,«, a 7 3 methanol water solu«on, un,i, coloured ,n,p„r,.es 
began ,o elute (rom the column ,appro»ma.ely 2 be. volumes wash) A. ,h,s time, a , hour 
9ra.ien, run was ,nl.ia,ed. mm me conce™,a,l=n o, methanol changing ,rom 70% ,o , 00% over a 
t hour peric, a, a ,bw o, 8 mUmin The ,rac.»n con,a,n,ng ,he prcuct o. Interes. was evapcra.ed 
to dryness an. ,ur,her purified on a reverse.-phase ,0 ,.m Kromasil C,8 HPLC column ,50 mm x 
25 cml, using a mobile phase o, ace.on.,r,,e,bu„er consisting o. 0 0, M ammonium acetate 0 02% 
th«uoroacetlc acid an.,26%ace.onrtri,e, 5 95) tor 50 minutes at a, low rated, ,20mumi„ Th,s 
was tollowe. by a linear gradient trom ,5.95, to ,33:67) over the ne,. 40 minutes Fractions 
containing the prcuct ol interest were combined ,530 mL). a.,us.e. to a pH o. 9 w,th ,0% 
amm„„,um hydroxtde. and extraced into methylene chlortde ,400 mL, The methylene chloride 
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layer was separated and evaporated to dryness lo yield purified 6-deoxy-i 3-cyclopropyl- 
erythromycin 8(12 mg). The structure of the product was confirmed by MS. 
HPLC retention time - method B - 21 4 minutes 

APCI mass spectroscopy - (M+H)' observed at m/e 714. required for C^HaNO^ - 714 

F^^mn\e 1 7 - Preparation of 6-dp nv y-l r^-nropvl-enrthrnmvcin B ysing S ^rvth^^?^ NRRU 19643 

S. erythraea NRRL 1 8643 was inoculated from a three day patch on _ YPD agar (0.5% Difco 
yeast extract. 0.5% Difco Bacto peptone, 0.25% dextrose, 0.5% MOPS, 1 7% Difco Basto agar. 
pH adjusted to 7.0) into 25 mL of ..YPD broth (0.5% Difco yeast extract, 0.5% Difco Bacto 
peptone. 0.25% dextrose. 0.5% MOPS. pH ad)usted to 7.0) in a 250 mL Erienmeyer flask. The 
flask was incubated at 225 rpm, 29"'C, for 48 hours. 2.5 mL were inoculated into 25 mL ERY-P 
medium (5% dextrose, 3% Nutrisoy flour, 0.3% (NH.).SO., 0.5% NaCI. 0.6% CaCO, pH ad,usted 
to 7.0) and incubated at 225 rpm, 29-C, for a total of 6 days Butyric acid was added to the flask at 
24. 72 and 120 hours (400 ppm. 400 ppm. 200 ppm, respectively). Whole broth pH was then 
adjusted to 9. 1 using 1 N NaOH The sample was extracted twice with an equal volume of ethyl 
acetate. Ethyl acetate phases were concentrated to dryness under nitrogen (50«C water bath), 
then resuspended in 1 .0 mL methanol for HPLC-MS analysis. This confirmed the production of 6- 
deoxy-13-propyl-erythromycin B. 

HPLC retention time - Method C - 23.5 minutes 

APCI-MS - (M+H)' observed at m/e 71 6. required tor CaHwNOn - 71 6 

Example ia - Evaluation of Antib g^^^rial Activity 

An in vitro antibacterial assay was performed in microtiter and interpreted according to 
P^rinrmance St^ nH prHc fnr Antimi r mh... ni.k Susceotihilitv Tegts - Sixth Fdltipn Approved 
Standard , published by The National Committee for Clinical Laboratory Standards (NCCLS) 
guidelines. Minimum inhibitory concentrations(MICs) were obtained versus various bactena For 
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example. Staphylococcus aureus 80CR5 (macrolide susceptible stra.n) afforded values generally 
ranging from < 0 1 to l 56 ug/mL 
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layer was separated and evaporated to dryness to yield purified 6-deoxy-l3-cyclopropyl- 
erythromycin 8 (12 mg). The structure of the product was confirmed by MS. 
HPLC retention time - method B - 21 .4 minutes 

ARC! mass spectroscopy - (M+H)' observed at m/e 714. required for C3bH«NO,2 - 714 

P.;,mnlR 17-Prpr^rptinn of 6-deo v Y-i'^-nrnnvl.enrthrnmvoin Basing .S ^^ryfftrqpa NRRL 18643 

S eryfrtraea NRRL 1 8643 was inoculated from a three day patch on _YPD agar (0.5% Difco 
yeast extract. 0.5% Difco Bacto peptone, 0.25% dextrose, 0.5% MOPS. 1 .7% Difco Basto agar. 
pH adiusted to 7.0) into 25 mL of ..YPD broth (0.5% Difco yeast extract, 0.5% Difco Bacto 
peptone. 0.25% dextrose. 0.5% MOPS. pH adjusted to 7,0) in a 250 mL Erienmeyer flask. The 
flask was incubated at 225 rpm, 29"C, for 48 hours. 2,5 mL were inoculated into 25 mL ERY-P 
medium (5% dextrose. 3% Nutrisoy flour, 0.3% (NH.).SO. 0.5% NaCI. 0.6% CaC03, pH ad,usted 
fo 7.0) and incubated at 225 rpm. 29«C. for a total of 6 days Butyric acid was added to the flask at 
24. 72 and 1 20 hours (400 ppm. 400 ppm. 200 ppm. respectively). Whole broth pH was then 
adjusted to 9.1 using INNaOH The sample was extracted twice wrth an equal volume of ethyl 
acetate. Ethyl acetate phases were concentrated to dryness under nitrogen (50»C water bath), 
then resuspended in 1 .0 mL methanol for HPLC-MS analysis. This confirmed the production of 6- 
deoxy-13-propyl-erythromycin B. 

HPLC retention time - Method C - 23.5 minutes 

APC1-MS-(M+H)' observed at m/e 716. required for CaeH^NO,, - 716 

Fxample 18 - Evaluatipn of Antih ?'ptfirial Activity 

An in vitro antibacterial assay was performed in microtiter and interpreted according to 
PoHnrn..nr.^ St^ndprHc fnr Ant.microb. a l P i sk Su.scf ? p tit?ilitV Test5^ - Sixth E<jltinn Apprpvgd 
Standard , published by The National Committee for Clinical Laboratory Standards (NCCLS) 
guidelines. Minimum inhibitory concentrations(MICs) were obtained versus various baclena For 



SUBSTITUTE SHEET (RULE 26) 



wo 98/01571 

PCT/GB97/01810 

74 



example. Staphylococcus aureus 80CR5 (macrolide suscept. ble stram, afforded values generally 
ranging from < 0. 1 to 1 56 ug/mL 
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10 



15 



Claims 

1 A compound of the formula 1 



N(CH3)2 




Re = H or 





R^o= OH or 

H3C 13 

and to pharmaceutically accectable salts thereof wherein 

R, .s an alDha-brancheo C,,-C« alkyi alkenyl. alkynyl. alkoxyalkyi or alkylthioalkyl group any of 
which may opfonally be substituted by one or more hydroxyl groups: a C.-CaCycloalkylalkyl group 
wherein the alkyI group -s an alpha-branched C,-C, alkyi group; a C-C, cycloalkyi or C,-Ce 
cycioalkenyl group, either of which may optionally be substituted by methyl or one or more 
hydroxyl or one or more C-C, alkyi groups or halo atoms: or a 3 to 6 membered oxygen or sulphur 
containing heterocyclic nng which may be saturated, or fully or parllally unsaturated and wh.ch may 
optionally be substituted by one or more C,-C. alkyi groups or halo atoms: 
or R, is phenyl which may be optionally substituted wrth at least one substituent selected from C,- 
Calkyl. C.-C. aikoxy and C-C alkylth.o groups, halogen atoms, hydroxyl groups, tritluoromethyl. 
and cyano; or R, may be with a formula (3) as shown below; 



(CH2)a 



. (CH2)c 



\ 
/ 



(CH2)b 



-(CH 2)d 
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wheran X .3 O, S or -CH,-. a. b. c. and d are each .ndependen„y o-2 and a . b . c . d < 5 



is H or OH; Rj-Rj are each independently H. CH. 



CH3, or CHpCHj, R3 is H or desosamine: R, is H, CH 



3. or CH,CH.,: is H or OH. and R, is H. 



3. or CH,CH:,. R„ ,s OH, mycarose fR,3 is H). or 



c/adinose (RijisCHn) R icH oro o ^ 

^"3). H,. isH. or R,„ = R„ = o. and R„ is H. CH, or CH,CH3 . or 

defined compounds modified by replacing 



?UM3 or any of the above 



2 A compound of the formula Z 



one or more -CHOH or -CHOR groups by a keto group 



N(CH3)j 




H3C OR,3 



and to pharmaceutically acceptable sattsfhereof. wherein 

R, is H. C,-C,alkyl, C3A alkenyl, alkynyl. alkoxyalkyi or alkylthioalkyi contam.ng from 1 
to 6 carbon atoms in each alky, or alkoxy group wherein any of said a.kyl. alkoxy. alkeny, or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms, or a C,- 
C,cycloalky.orC,<:, cycloalkenyl either of which may be optionally substituted by methyl or one or 
more C,<:, alky, groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionally 
be substituted by one or more C. -C, alkyl groups or halo atoms or a group of the formula SR ... 
Wherein R „ is C.k:, alKyl. C,- C, alkenyl. C.-C, alkynyl. C,^, cydoalkyl. C.<:„ cycloalkenyl phenyl or 
substituted Phenyl wherein the substituent .s C.-C. alky,. C.<:. alkoxy or .alo or a 3 to 6 n^ambered 
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Claims 

1 A compound of the formula 1 



N(CH3)2 




H3C OR13 



and to pharmaceutically accectable salts thereof wherein 

R. .s an aloha-branchea C.-C« alky! alkenyl. alkynyl. alkoxyalkyi or alkylthioalkyl group any of 
which may optionally be substituted by one or more hydroxy! groups: a C,-C, cycloalkyialkyi group 
wherein the alkyi group .s an alpha-branched C^-C, alkyi group, a C,-Ca cycloalkyi or C,-C, 
cycloalkenyl group, either of which may optionally be substituted by methyl or one or more 
hydroxyl or one or more C.-C , alkyi groups or halo atoms: or a 3 to 6 membered oxygen or sulphur 
containing heterocyclic ring which may be saturated, or fully or partially unsaturated and which may 
optionally be substituted by one or more C ,-C, alkyi groups or halo atoms, 
or R, is phenyl which may be optionally substituted wrth at least one substituent selected from C,- 
Calkyl. C.-C, alkoxy and C.-C. alkylth.o groups, halogen atoms, hydroxyl groups, trifluoromethyl. 
and cyano: or R. may be with a formula (s) as shown below: 



(CH2)a 



.(CH2)c 



\ 

> 

/ 
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wh.,e(n X ,s 0, S o, .CH,., a, b. c. and 0 a,a each Mependen,., 0-2 and a . b , c , d < 5. 

R,isHor OH: R,R,areeach ,„depsnaen„y H. CH, o, CH,CH.. a. ,s h or OH aod R, ,3 H 
CH„ o, CH^H.. R. „ H or dasosamine: P. i= H, CH, or CH^h.. r„ ,s oh, „vcarcsa ,R,. ,s H. or 
c^adlncse ,R, .CH,. R„ „ R. . r„ = o. and R. ,s H CH, or CH,CH. , or any o, ,ne above 
de„ned co„,pou„ds modmed by replaCn, one o-more -CHOHor -CHOR groups by a .e.o group 
2 Acompoundof fheformuia2. 



N{CH3)j 



R1OH2 



2 o- 




CH3 



H3C OR,3 



and to pharmaceutically acceptable saltsthereof . wherein 

n, is H. C.-Ce alkyl. C3-Ca alkenyl, C,-C« alkynyl, alkoxyalkyi or alkylthioalkyi conta.nmg from l 
to 6 carbon atoms in each a.kyl or alkoxy group where.n any of said alkyl. alkoxy, alkenyl or alkyny. 
groups may be substituted by one or more hydroxyl groups or oy one or more halo atoms: or a 
C. cycloalky. or C,<:, cycloalkenyl either of wh.ch may be optionally substituted by methyl or one or 
more C.<:, alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionally 
be substituted by one or more C. -C. alkyl groups or halo atoms or a group of the formula SR .., 
Wherein R is C.<:, alkyl. C,- alkenyl. C.-C. alkynyl. C,^:, cycoalkyl. C.^. cycloalkenyl. phenyl or 
substituted phenyl wherein the substituen, is C. C. alkyl. C,<:. alkoxy or na.o or a 3 .o 6 membered 
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oxygen or sulphur-containing heterocyclic nng which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C,-C. alkyI groups or halo 
atoms 

R,,s Hor OH: R3-Rsareeach independently H, CH,. or CH,CH,; R« is H or OH. and R, is H. 
CH,. or CH^CH,; Re is H or desosamine; R, is H. CH.,. or CH.CH,; Ru> is OH. mycarose (R.3 is H), or 
cladmose (R.-sCH.). R,. isH: or R. = R.. = O; and R. is H. CH,. or CH^CH,, with the proviso that 
When R3-R= are CH. R, is CH,. R, .s CH3. and R. is CH, then R, is not H or C, alkyi; or any of the 
above defined compounds modif-ed by replacing one or more -CHOH or -CHOR groups by a keto 
group 

3 A compound of the formula 1 as claimed in claim 1 wherein R, .s a C.C, cycloalkyi or 
cycloaikenyl group which may be optionally substituted by one or more hydroxyl groups or one 
or more C,-C, alkyI groups 

4 A compound of claim 3 wherein R, is cyclopropyl 

5 A compound of claim 3 wherein R , is cyclobutyl. 

6 A compound of claim 3 wherein R , is cyclopentyl. 

7 A compound of claim 3 wherein R, is cyclohexyl. 

8 A comoound of claim 1 wherein R, is an alpha-branched C3<:aalky.. alkenyl. alkyny.. alkoxyalkyl 

or alkylthioalkyi group. 

9 A compound of claim 8 wherein R, is isopropyl. 

10 A compound of claim 8 wherein R, is sec-butyl. 

1 1 A compound of claim 8 wherein R. is 2-buten-2-yl. 2-penten-2yl. or 4-methyl-2-penten-2-yl 

1 2 A compound of claim 8 wherein R , is 1 -methylthioethyl: 

1 3 A compound of claim 1 wherein R , is a 5 or 6 membered oxygen or sulphur containing 
heterocyclic ring which may be optionally substituted by one or more hydroxyl groups or C.-C. 
alkyi groups or halogen atoms 
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1 4 A compound of claim 13 wherein R, is 3-fhieny(. 

1 5 A compound of claim 13 wherein R, is 3-furanyl. 

1 6. A compound of claim l wherein R, is phenyl. 

17. Acompoundofc,a.mlwhereinR,sagroupofformu,a(a,where.naandbare0.canddarei 

» andXis-CH;,- 

- 8 A compoun. 0. cla,. , „her.„ R, is a group o, tor.uta ,a, «ere,n a and b a.e 0. c ,s , . c is 2 

and X is -CHp- 

19, Aconioounc.o,c,a,m , »"era,nR.isagmupo„or..,a,a,wner„„aan<,ba.eO,can<,<,ara , 

and X ISO. 

20. A compound of claim 2 wherein R, is SR„ and R„ .s methyl or ethyl 

2 1 A compound of claim 2 where.n R. is ethyl, propyl, butyl, iscpropy. or sec-butyl 

22 A compound of claim 2 wherein R, is l-(tnfluoromethyl)ethyl 

23 Aprocessforprepanngacompoundofformulalasclaimedinclaimlorformulaaascaimedin 
Claim 2 Which comprises fermenting an organism capable of producing erythromycin in the 
presence of a carboxyl.c acid of the formula R ,CO,H wherein R. ,s as defined in claim 1 or claim 
2. or a salt, ester or amide thereof or oxidative precursor thereof to a. and isolating the 
compound of formulae lor 2. 

24. A process of claim 23 wherein the organism is Sacoharopolyspora erythraea and which may 
optionally contain an effectively integrated plasmid capable of directing the biosynthesis of 
compounds of formula 1 Said plasmid may optionally contain a Type II PKS promoter/activator 
gene 

25. A process of claim 24 wherein the organism Sacoharopolyspora erythraea is selected from 
strains NRRL 2338. 18643 or 21484 which may optionally contain an effectively integrated 
Plasmid capable of directing the biosynthesis of compounds of formula 1 Said piasmid may 
optionally contain the ^ promoter and its cognate activator gene actll-Qd4 

26 A process of claim 25 wherein the optionally effectively integrated plasmid ,s pA VLD. pIG i . 
PND30. PCJR26. pCJR49. pC-AT12. PC-ATXor other similar constructs 
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oxygen or sulphur-containing heterocyclic hng which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C.-C, alkyI groups or halo 
atoms 

R, IS H or OH; R3-R5 are each independently H. CH,. or CH,CH,: R, is H or OH: and R, is H. 
CH,. or CH,CH,: Re is H or desosamine: R, is H. CH,. or CH^CH,; R,„ is OH. mycarose (R„ is H). or 
cladinose CR., isCH,), R„ is H: or R. = R.. = O, and R. is H. CH„ or CH^CH,. w.th the proviso that 
When R,-R = are CM,. R, is CH, R, .s CH3, and R„ is CH, then R, is not H or C, alkyt, or any of the 
above defmed compounds modifed by replacing one or more -CHOH or -CHOR groups by a keto 
group 

3 A compound of the formula 1 as claimed in claim 1 wherein R, .s aC3-C„cycloalkyl or 
cycloaikeny. group which may be optionally substituted by one or more hydroxyl groups or one 

or more C-C, alkyt groups 

4 A compound of claim 3 wherein R. is cyclopropyl 

5. A compound of claim 3 wherein R, is cyclobutyl. 

6 A compound of claim 3 wherein R , is cydopentyl. 

7 A compound of claim 3 wherein R , is cyclohexyl. 

a A compound of claim 1 wherein R, is an alpha-branched C3<:ealky., alkenyl. alkynyl. a.koxyalkyl 

or alkylthioalkyi group. 

9 A compound of claim 8 wherein R, is isopropyl. 

1 0 A compound of claim 8 wherein R, is sec-butyl. 

1 1 A compound of claim 8 wherein R. is 2-buten-2-yt. 2-penten-2yl, or 4-methyl-2-penten-2-yl 

1 2 A compound of claim 8 wherein R, is 1 -methylthioethyl: 

1 3 A compound of claim 1 wherein R . is a 5 or 6 membered oxygen or sulphur containing 
heterocyclic nng which may be optionally substituted by one or more hydroxyl groups or C,-C. 
alkyi groups or halogen atoms 
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14 A compound of claim 13 wherein R, is 3-thieny(. 

1 5 A compound of claim 13 wherein R, is3-furanyl. 

1 6 A compound of claim 1 wherein R, is phenyl. 

1 7 A compound of cla.m 1 where.n R, .s a group of formula (a) wheran a and b are 0. c an. d are 1 

andXis-CH^. 

.8 Aco,.pou„do,c,a„. , therein B,,s a group c,„o™u,a,a,w.are,n a ana ba,e0.c,s 

and X is -CHp- 

^9 Aco,.pou„do,c,a,. , *-eln«,isaa,oupo„or.*,a,»„e,e,naanCba.eo.canac<a,e, 

and X ISO 

20. A compound of cla.m 2 where.n R. ,s SR.,. and R „ .s methyl or ethyl 

2r A compound of da,m 2 where.n R. ,s ethyl, propyl, butyl, isopropyl or sec-butyl 

22 A compound of cla.m 2 where.n R, is 1 -(tnfluoromethyl)ethyl 

23 A -ocessforprepanng acompoundof formulalascla,med,ncla.m 1 orformula2 asc.a.med.n 
cla,m 2 wh.ch comprises ferment.ng an organism capable of producing erythromycin in the 
presence of a carboxyLc acid of the formula R.CO.H wherein R. .s as defined in claim i or claim 
2. or a salt, ester or amide thereof or oxidative precursor thereof to a. and isolating the 
compound of formulae i or 2 

24 A process of claim 23 wherein the organism ,s Saccharopolyspora erythraea and which may 
optionally conta.n an effectively .ntegrated plasmid capable of directing the biosynthesis of 
compounds of formula 1 Said plasmid may optionally contain a Type .1 PKS promoter/activator 
gene 

25 A process of claim 24 where.n the organism Saccharopolyspora erythraea .s selected from 
strains NRRL 2338. 18643 or 21484 which may optionally contain an effect,ve.y .ntegrated 
Plasmid capable of directing the biosynthesis of compounds of formula 1 Said p.asmid may 
optionally contain the aetl promoter and its cognate activator gene act I^Qri4 

26 A process Of cla,m 25 wherein the optionally effectively integrated plasmid is pA VLD. piG 1 
PND30. PCJR26. pCJR49 pC-AT12. PC-ATXor other similar constructs 
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27 A process of claim 25 wherein the organism is S erythraea ERMD1 . S. er/thraea NRRL 
2338/plGl. S. erythraea NRRL 2338/pND30. or other similar transformants 

28. A pharmaceutical composition comprising a therapeutically effective amount of a compound 
according to claim 1 or claim 2 in combination with a pharmaceutically acceptable carrier 

29 A method of treating a bactenal infection, or a disorder related to a bacterial infection, or a 
protozoal infection in a mammal, fish, or bird which compnses administenng to said mamma!, 
fish, or bird a therapeutically effective amount of a compound of claim 1 or claim 2. 

30 Use of compound of ciaim 1 or claim 2 in the manufacture of a medicament for treating a 
bactenal infection in a mammal, fish or bird 

3 1 Use of a compound of Claim i or Oaim 2 for improving performance effects (such as weight 
gains, feed efficiency utilisation milk yield etc.) ma mammal, fish, or bird 
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Avermectln A1b Rapamycin 



Figure 1 . 
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27 A process of claim 25 wherein the organism ts S erythraea ERMD1 . S. er/thraea NRRL 
2338/plG1. S. erythraea NRRL 2338/pND30. or other similar transformants 

28. A pharmaceutical composition comprising a therapeutically effective amount of a compound 
according to claim 1 or claim 2 in combination with a pharmaceutically acceptable carrier 

29 A method of treating a bacterial infection, or a disorder related to a bacterial infection, or a 
protozoal infection in a mammal, fish, or bird which comprises administering to said mamma!, 
fish, or bird a therapeutically effective amount of a compound of claim 1 or claim 2. 

30 Use of compound of ciaim 1 or claim 2 in the manufacture of a medicament for treating a 
bacterial infection in a mammal, fish or bird 

3 1 Use of a compound of Claim i or Qaim 2 for improving performance effects (such as weight 
gains, feed efficiency utilisation milk yield, etc.) in a mammal, fish, or bird. 
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Figure 3b. 
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Figure 3b. 
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Figure 4b. 
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Figure 4b. 
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Figure 4c Construction of pND30 
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Figure 9 
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